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                          PREFACE 
    This thesis reports the results of studies on the design and  constructio 
of an electronic digital computer, achieved particularly through experiences 
in designing and constructing the Kyoto University Digital Computer KDC-I 
under the guidance of Professor Ken-ichi Maeda while the author had been 
a postgraduate student of the Faculty of Engineering of Kyoto University 
during the year 1958 to 1961. The results are compiled in nine chapters 
and appendices. 
Developments In computer techniques are so rapid that the KDC-I which 
was at a moment one of the largest computers in this country is considered 
iv be 
at presentAa medium scale medium speed computer. Nevertheless, various 
techniques developed for the KDC-I have been utilized for other computers 
beer 
and measuring instruments, and the KDC-I hAsAfunctioning daily since :.ugust 
1960 at the computation center of the University. The work thus deals with 
almost all phases of the design and construction, but emphasis is laid on 
what is beliebed new and interesting. These introductory remarks are found 
in chapter 1. 
    Chapter 2 is concerned with the system design of 'the computer, in which 
the process of the design of the I"DC-I is explained and the outline of the 
system is described. 
    Chapter 3 is concerned with tine instructions of the computer, in which a 
list of the KDC-I instructions is given first and details of logical and 
special operations which are thought new and interesting are described. 
     Details of the magnetic tape system of the KDC--I are described in 
chapter 4, in which a new block number system and an instruction system which 
enables a simple treatment of the drop-out problem of magnetic tape are 
introduced. 
ii
    Chapter 5 deals with the problem of the initial read-in routines for  the 
                                                                atovtif 
computer, in which the simplest form of reading the routine is suggested
iwith 
a proof. 
    The problem of logical design is discussed in chapter 6. The logical 
properties of the basic logic circuit of the computer are described first, 
then the algebraic methods of logical design are reviewed. The simplification 
of a Boolean function is performed by using the Veitch diagram simplification 
method for obtaining the simplest normal farm. ^• method devised by the 
author of obtaining the simplest normal form with a restriction on the 
operation of an input gate in which no more than a single AND gate can send 
binary 1 at the same time is described. Next, the main features of the 
logical design are given, and some arithmetic elements are presented to show 
examples of the simplest r al function with the gate restriction. 
Chapter 7 is concerned with circuitsThf the computer, in Which enphasis 
is laid on the performance margin of the KDC-I basic logic circuit which uses 
the dynamic circuitry techniques. A procedure is set up in which the 
margin of a)1 basic circuits, i.e., thousands of them, not a few samples of 
them, is measured, and the margin of several functional blocks is then measured. 
The adjustment of the computer became much simpler by applying this procedure 
together with a thorough examination of the results of logical design and 
the wiring of the computer. The repetition of a famous ironical sentence 
"The computer will be completed in less than six months1 every six months 
was no more applied, though it was partly true, if not six months, in writing 
the thesis. . 
Measuring Lhe performance margin of thousands of basic logic circuits 
poses some difficulties. It was conducted point-by-point, which was indeed 
  troublesome and inefficient. Thus the author devised a unit to display 
the performance margin of the basic logic circuit , the details of which 
iii
 ate given in chapter $. 
    In chapter 9 the main points of the results of the studies are 
presented as a part of the conclusion. 
Ueveral items relevant to the subject are added in appendices. 
KyotoShuzo Yajima 
July 1963 
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Airiest all electronic digital computers designed and constructed 
today are of the stored program type suggested by the late "_:rm von Neumann, 
                                          Wen 
and no basically new type computer hasasyetAreported. However, the develop-
mert of the technique of the design and construction of comers titers is 
extremely rapid by the efforts of scientists and engineers. A new higher 
speed and larger scale computercou\d solve many difficult problems which previously 
could not be solved. A small-size and light weight compute._• ''AS surely 
an 
an important practical value. It is not too muchAexaggeratian. to say that 
automation in data handling or information processing has just made a 
beginning creditable for an infant. There are indeed many things which 
should be developed much further. 
Yost theories concerning computing machineries treat 1^.st requirements 
for them, e.g., theor es on the Turing machine are typicr)l examples. 
Computers actually built are much more cor.jex and useful ones in which 
convenience is an important design fa:tor. Thus the theory .?f the design 
for a whole computer has hardly been developed. However, to a tiny well-
         , defined portion of the logic circuit algebraic methods can be applied. 
    This thesis is concerned with the results c studies on the design 
and construction of an computer, achieved particularly through experience 
in designing rnd constructing the Kyoto University Digital Computer IDC-I 
(Ku 1,2,3),(Ya 1,2). Developments of computer techniques are so rapid that 
the KDC-I which was at a moment one of the largest computers in this country 
ttba 
is considered at present
Aa medium scale medium speed computer. Nevertheless, 
various techniques developed for the 0C-I have been utilized for other
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 been 
      computers and measuring  instruments, and the KDC-I \ds,functioning daily 
      since August 1960 at the computation center of the University. The work 
      thus deals with almost all phases of the design and construction, but
      emphasis is laid on what is believed new and interesting. 
           The KDC-I is a product of a two year project of Lhe University com-
      menced in 1958 aiming to establish a computation center to promote 
      research in the University. 
          The KDC-I has been developed and built in collaboration with Hitachi, 
      Ltd. and put into operation since f.ugust 1960 at the computation center . 
      Magnetic tape units have been added to the computer since October 1960 togethe 
      with a magnetic tape control unit which contains a high speed magnetic core 
       memory. 
           The programming group at the University has alreadycompleted a fairly 
      extensive library of subroutines and very useful assemblers such as 
SYCS 1 (Ki 1). Moreover a KDC ALGOL 60 Compiler is now under develorment(Na 1 
           Several computers had already been constructed at a few research 
      laboratories in this country at the time of the design of the KDC-I. However 
some of them were reported to be having trouble concerning the reliability of 
       the computers. 
           One of the design principles was therefore the construction of a 
      very reliable computer, and at the same time a computer which would enable 
      users to program very easily and would be fit for use by many University
       research workers from various fields. 
          The actual design of the KDC-I was begun in April 1959. In September 
      the design had taken definite shape. The assembly had been started in Novelize 
      At the end of April 1960, computation had become possible by the main part 
      of the computer. The back panel wiring design of the KDC-I was first done 
      involving many man-hours of work, and then in April it was redone by the
4
 a-3 
-newly operating KDC-I itself and the results were compared with its built-in 
panel wiring (Ya 9). 
     The processof adjustment was believed promising in which, among 
ninety-five varieties of one-and-a-half address instructions, a record has 
been established of adjusting thirty instructions in a day and various 
floating-point instructions have !oen rut into operation with almost no 
failures in logics and in wi.ri_n:- =n spite of its being a new model and a 
first product, which we believe has indicated progress in ca puter desig n 
and construction technique. 
     The adjustmentof the magnetic tape units and the magnetic tape control 
unit consumed almost three months because of lack of experience until 
various magnetic tape test programs produced by the Kyoto University 
Programming Group (Ku 4) were operated correctly. 
     The KDC-I has already perforn ed a vast amount of calculations on vaious 
problems which have been submitted by the staff and students of the 
University. 
.:pith two years of operating experience, we are gaining satisfactory 
 results from this computer. 
     In the subsequent three chapters the system, the instruction system and 
the magnetic tape s- tem of the computer are describe'. The problem of the 
initial read-in routine is discussed in chapter 5. In chapter 6 the logical 
design of the computer is described. The circuits of the computer and the 
problem of the performance margin are presented in chapter 7, and a unit to 
display the performance margin of the bas_.c logic circuit of the computer 
is treated in chapter 8. Concluding remarks are given in chapter 9.
 b-1 
                          Chapter 2 
PROPOSED ORGAMIZATIhJ OF THE COt;PUTEh' 
2.1 The Design of the F,yoto University Digital Computer------- 
     Basic factors of the system des9.gn of a computer are (1) system 
requirements, (2) characteristics of feasible computer components, (3) 
the techniques known, e.g., the methods of logical design, etc., (L) the 
economics of the situation and (5) policy restrictions, like most other 
 engineering problems. In the case of designing a special-purpose computer, 
 system requirements are a very clear factor. However, in the case of 
designing a general-purpose computer, the weight of the latter factors 
 described above increases. 
      In the case of the KDC-I, the second factor was serious, since some 
 of a not many computers being constructed in this country were reported 
 to be having trouble concerning their reliability. The main electronic 
 circuits of these computers used vacuun tubes, paronetrons and transistors. 
    could be foreseen, solid-state circuits were showing pore _favorable 
performance. Among them transistor circuits have been c ,nsidered most 
promising with regard to their reliability, their gaail.er cower dissipation, 
ieir flexibility in regard to circuit design, their speed of operation,orr 
 so on. Thug transistor circuits have been chosen for the main circuits of 
the 
      The most important design principle vas ther:_f,••e the cens euctio:a of 
 a very reliable computer, and at the sane time a eeeeut.er which would enable 
 users to program very easily and would be i'ii, fcrh7 ,; University 
 research workers froi , various fields. The comee' ati ,u sseeed of the computer 
was not necessarily considered of prime im^ortance at the time of designing 
 since above all a reliable cououter had to be d.evelnoed . 
     The important items of the computer system bad been roughly decided
                                                                            b-2 
   by the  Kyoto University and the manufacturer at the time when the author
   joined in the project. fain items of them were;- (1) that i., must be a 
   decimal computer, (2) that it performs internal floating-point operations, 
   (3) that the instruction system must be the one-and-a-half address systea, 
   (4) that the length of the word is 12 digits including sign, (5) the use of 
   the 6,000 rpm magnetic drum as a 4,200 word main memory of the computer 
   (6) the use of the diode logic and the transistor dynamic circuit which. 
   operates at the clock rate of about 230 kc/s as a basic logic circuit, (7) 
   the use of the photo-electric tape reader as an input device, (8) the use 
   of the typewriter as an output device, (9) the use of the magnetic tape as 
   an external memory, and so on. 
       Most of the items were regarded appropriate in view of the technical 
   level of the computer at that time. The chief reason for a decimal system 
   was that the manufacturer wanted a general-nue ,ose computer, thou Ii the 
   author thought a binary system was more advantageous in case of the 
   scientific use at the `.niversity. The use of the typewriter es an output 
   device was one of the most serious ,,roblers because of its low operation 
speed. To solve this problem, a high speed punching device was planned to 
   be installed some tiee in the future. 
       One more serious problem to the plan was the relation been the 
one-any' -a-half adores-3 instruction syF-tem and t he use of the 6,uJ rpm 
  magnetic drum as a r ale i eeory of the co.. uter, because of the unbalance 
between the operation tine of the instructions ane the memory access time. 
The operation time of most of the instrutiens were ester'atod at tIe order 
of several hundre micro-seconds z-r`,ile s: he average meeor^ access tiee was 
5m°s. The delay line type quick access eemory e iose avera2ep _.Does* time 
  was 1.25 ms was added, and the situation had conciderably been improved. 
  It was expected that the high speed random access core memory would replace 
  the drum as a main memory of this computer in the future . A portion ip '
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this  expectation was fulfilled by using the 50-won'. core matrix memory 
 to the magnetic tape control unit of the computer. It was very difficult 
to canstruct a large scale core matrix tr:eeo.ry by using domestic mEfli_ory 
cores at the time of the design, and the memory comes for the 50 wore memor:: 
 were imported from the g=eneral Ceramic Co. of the United States of America. 
     The most anxious problem was the design of the magnetic tape memory 
because of lack of experience. 
     Concerning the computer instructions, it was also very roughly 
 suggested, but it was slmost made anew and several new and interesting 
 instructions were added. Letails are given in the chapter?. 
     The main items of the computer system were thus decided and the work 
for the detaild design had then been started. The main design principles 
of the system are as follows;- 
(1) The building-block scheme was adopted, in w ich each unit , the central 
processing unit, the magnetic tape control unit, the magnetic tone units, 
etc., constituted a building-bloom. A high speed memory unit and high 
speed output equiunent should be connected to the computer in the future . 
(2) To ensure the reliability of the computer, parity checking and validity 
checking (a redundancy checking of the BCD code) were adonteH, even 
par it 7 is examined at every storage register and an input reei s : er, whereas 
validity errors are checked at all Y eei stern . The odd character pel-ity and 
the even channel rarity are examined for each info-relation bJ eek on the 
magnetic tape. 
             (3) To increase the overall processing speed of the coeeutc the operati on 
of the output and of the magnetic tape units is made conceerent with that 
of the central processing unit. 
(4) The magnetic tape units are connected to the central nroc ss_in, unit 
via a magnetic tape control unit in which a magnetic core _- e;no.ry is contained 
and used as a buffer storage as well as a high speed r:e.rory to the central.
 b-4 
p-,N,besbing unit. 
(5) The programiling ought to be as sl.ple as oossible for the general users 
i7 the University. 
(6) The speed of the operation of the ::i.oatinp;-poing, and shift-Ln14 instruct:Lans 
is made high in comparison with that of other instructions. 
(7) At the operator's console, the c4Tr.rting condition of the computer is 
supervised and various controls are E130 possible. 
(8) The adjustment and maintenance of .1-1e computer must be for 
example a transistor dynamic flip-flo circuit tieethb:2 diode logic 
circqits is mounted on a plug-in type printed card. 
(9) The some code is used for the magnetic tape as for the t;Ape, thus 
keeping both codes consistent.
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2.2 The Outline of the Computer 
    Before describing further details of the computer, the outline of the 
computer is presented in this section. 
    The details of the operation and use of the computer are described 
 in  refbrenc  es (Ku 1,2,3). A view of the KDC-I is shown in Fig .2.1. 
(1) Type of the computer: A stored program electronic digital computer. 
(2) Type of information accepted by the computer: Alphanumerical characters 
         encoded in g unit excess-16 binary number on perzo-.atedpaper 
         tape at the'input and output (I/0) of the computer. In the
         computer, a series of 12 decimal digits forms a word, and each 
         decimal number is binary coded and treated in parallel. 
(3) Word: A word represents an instruction, a fixed or floating point number 
         or a character word. In Fig. 2.2 the structure of a word is 
         illustrated. 
(4) Instruction system: One and a half address. 95 varieties of instructions 
         including 9 instructions for magnetic tapes. The function to 
         clear the contents of the t,ccuznulator can be added to all 
          instructions, if necessary. 
(5) Operation registers and counters: A 23-digit double length Accumulator 
(AC, consisting of an Upper Accumulator UA and a Lower Accumulator 
LA), a Multiplicand-Divisor register (MD), and Order Register (OR), 
        three 4-digit Index Registers (IR 1, 2, 3) and a 4-digit Instruction 
         Location Counter (LC), which are all accessible from programmers. 
         Besides, there are a temporary multiplier-Quotient register (m0)
, 
        an Output Buffer Ftegister '(BR), an Input Register (IPR) and an 
Output Register (OPR). Fig. 2.3 shows these registers and counters. 
(6) Memory: 4,250 addressable storage registers in total , plus magnetic 
          tape memory. 
     i) Magnetic core memory: 50 words with 50 us access time, which also
 • 
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Fig.2.1-View of the KDC-I. 
                 In foreground from left to right: the off-line 
                  typewriter, the console typewriter, the operator's 
                  console, the photo-electric tape readers and the 
                 magnetic tape handler. 
                In background from left to right: the central 
                  processing unit and the magnetic tape control unit.
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AC : Accumulator, 
UA : Upper Accumulator, 
          SRs LA : Lower Accumulator. 
                 ;Bµ~ MD: Multiplicand-Divisor Register. 
            (-             1111 11 11 1OR : Order Register. 
                                                IRs : Three Index Registers : Q-band; ( wows)IR
1, IR2 and IR3. 
                     IJ~—"s------------------------LC : Instruction Location C unter. 
                       11-bioc's Cd000 wards)SRs : Storage Registers, 
                   11111CB: Core Buffer Memory, 
Q-bands : Quick access bands 
                                                                 of the drum, 
                                     P & v N--bands : Normal access bands 
Lof the drum. 
 I f----------Cali ( ) : Registers not acce sible from                                                                     programmers. 
(MQ) : Multiplier-Quotient Register. 
IRI                                       BR) 
: Buffer Register. 
                                                 (IPR) : Input Register. 
                          IR2 v 
   
- ---_.... (OPR ) : Output Register.              s Sign. 'r 
IF3 v c: Overflow bit. 
                                              A: Fixed decimal point. 
                                                 • : Floating decimal point. 
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Fig4.2.341ain registers and counters and main information paths.
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         serves as a buffer storage for the magnetic tape. 
     ii) Magnetic drum memory:  4,000 words on 6,000 rpm magnetic drum 
         with the average access time of 5 ma. 200 words in delay-line
         type quick access memory with 1.25 ms average access time on the 
          same drum. 
    iii) Magnetic tape memory: As many as four magnetic tape units can be 
         connected to the computer, two units have been attached to the
         computer at present. A standard reel of magnetic tape contains 
        about 1,100 m(3,600 ft) Mylar base magnetic coating tape, capable 
         of storing about 7,000 50-word block, or 350,000 words, with the 
         block-transfer-time from 220 ms minimum to 12 minites maximum.
(7) Circuit: Diode logic and trasistor dynamic flip-flop circuits using 
         3 kinds of clock pulses and operating inssingle phase at 230kc 
        per second (Ni.1),(ya 7). 
(8) Operation time: (excluding only memory access, the time for the modification 
         of an address is included) 
     Addition: 0.5 ms for double length fixed point. 
              1.3 ms for double length floating point. 
     Multiplication: 5.8 ma average for fixed point. 
                    5.2 ms average for floating point. 
     Division: 6.0 ms average/"Tor fixed point. 
               5.1 ms average for floating point. 
(9) On-line input-output: Two photo-electric tape readers: 200 characters 
         per second each. 
     Console typewriter: 8 characters per second. 
         High speed punch is scheduled to be installed in near future. 
(10) Magnetic tape: The same code as for paper tape. 9,600 characters per 
,o» second. 6.4 bits per mm. Off-line processors, such as magnetic 
         tape to high speed printer, are not available at the University
 1)-10 
          at present. 
(11) Organization: The computer consists of the following (refer to I'i7.2.4);-
           1. Central proces::L r unit (containing magnetic clrlA rae Lory)
            2. Operator's console 
2'. Photo-electric tape readers .... 2 sets 
          4. Console typewriters.... 1 set 
          5. Off-line typewriters.... many
           High speed punch.... (1)* set 
           5. ; agnetic tape control unit (containing magnetic core memory) 
           6. magnetic tape units.... 2 (4)* sets 
             * The mmnber of sets scheduled for installation.
      The extention of magnetic core memory and high speed printer is our 
 next objectives to the-computer. 
Power is supplied to the computer through rooter-generator vo. tage 
 regulators. 
      The temperature of the machine room is kept ak around 20 degree C. 
Further information necessary :u the subsequent chapters is described 




f 1 1 J 
      1 _ 1  
T . i r -_:1 
i6 
                  {0 —
Fig. 2.4-Organization of the KDC---I. 
1 : Central processing unit. 
2 : Operator's console. 
3: Photo-electric tape readerG. 
4: Console typewriter. 
5: Magnetic tape control unit. 
6 : Magnetic tape handlers.
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 AV 
  2.3 Forms of Information Accepted by the Computer 
  1. Input/Output  (I/0) Characters  
      At the input or the output of the computer, alphanumerical characters 
  are used like an english-letter typewriter. These characters are coded in 
8 unit (excess-16) binary number. 
       The input device readsthese codes wlaieh are expressed on a proper 
  perforated paper tape. Or these characters are read directly from the keys 
  of the on-line typewriter of the computer. 
      The output device prints and/or punches (perforates a proper paper tape) 
  these characters. 
      These KDC-I I/O characters and the paper tape character coding are 
                     of Appendix A 
  listed in Table I and II respectively. 
       However, in the computer, only decimal numbers with signs are used. 
  So a conversion takes place when information are readlgand written out. 
  Further details are described in the section "Input-Output Operations and 
  Tape Control Codes" of the next chapter. 
  2. Binary Coded Decimal (BCD)  
      The KDC-I is a decimal computer. Every decimal number in the computer 
  is expressed in a binary coded decimal form (BCD), in which four bits 
  (binary digits) constitute a decimal number and each bit has its weight 
  1, 2, 4or 8. 
  Details are given below;-
       decimal number 0 1 2 3 4 5 6 7 8 9 
          weight 1 0 1 0 1 0 1 0 1 0 1
          weight 2 0 0 1 1 0 0 1 1 0 0
        BCD 
          weight 4 0 0 0 0 1 1 1 1 0 0 
          weight 8 0 0 0 0 0 0 0 0 1 1
      The + or - sign is expressed by 0 or 1 of a binary number espectively. 
      A word "set" is used to place a number 1 (or -) in a bit, while a word
                        asstls.sr. 
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"reset" is used to place a number 0 (or +) in a bit . 
3. Words 
in the computer a series of 12 decimal digits is treated as a unit in 
the memory or it forms a word. Each decimal digit is expressed in the BCD 
and treated in parallel. 
     A word thus represents actually a 11-digit number with an overflow bit 
(the weight 1 of the BCD number) and asign (the weight 8 of the BCD number). 
Two bits in the weight 2 and 4 of the BCD number are not used at all. 
     Ordinary registers of the computer have the capacity to store a word. 
There are 4,250 storage registers and some operation registers in the computer. 
     An instruction, or a fixed or a floating point number takes the form 
of a word. So each is often called an instruction word or a data word 
respectively. A data word is usually expressed in a fixed or a floating 
number. 
     Typical usage of a word is shown in Fig. 2.2. 
     Negative number is not expressed in a complement form, but is expressed 
with the magnetude and a minus sign. 
4. Fixed-Point Numbers  
     A fixed-point number as •a data word 164,11 -digit decimal fraction with 
 a + or - sign. Beside, a word has one more extra bit i.e. an overflow bit, 
but it is neglected in most of the fixed point operations. 
     Thus a fixed point number epresents a-11 -digit number in the range 
which is greater than -1 and smaller than -1. Two kinds of zero, +0 and -0, 
 exist, but in most cases +0 is used. 
     If the overflow bit is carefully used, it is not impossible to expand 
the range from (+1, -1) to (+2, -2) with a great difficulty. 
Ordinary registers have a capacity of a word, but one of the operation registers 
Accumulator (AC) has 23 digits with the AC sign (an overflow di it t 11s2 
,digits) or a double length of a word.
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      The multiple length is performed by programming. 
  5. Floating-Point Numbers 
      A f1 ting-point number as a data word is 9-digit decimal fraction or 
  mantissa with a 2-digit and 1-bit (an overflow bit) decimal characteristic 
  and a + or - sign (which is shown in Fig. 2-Organization of a Word). 
  So if a mantissa with a sign is m, and an exponent is t, then a number x is;- 
     x=m*lOt ; (0.1 ) ImI<1 -100 t +99 
       There are two signs i.e. a sign of a number and a sign of an exponent. 
  To escape from the double sign, a characteristic (C) which is an exponent 
  plus 100 is used;- 
     c =t +100 0= c=199 
  which needs 2 digits and 1 bit. This bit can be regarded in a sense an 
  exponent sign. 
       In the floating point operations, a floating point number is treated in 
  a normalized form i.e. in which the mantissa has no heading zeros. If the 
  mantissa is all zeros, a number is regarded zero, but its normalized form is 
  equal to the fixed point form zero, or a word has all zeros, or 0 * 10100. 
       Thus a-floating point number x in a normalized form represents a number 
  in the range; 0.1x 10 100 <- lx1 <0.1 x 101°° and Ixl = 0. 
                                                               r.-L 
      Since the Accumulator (AC) has 23 digits, a double length mantissa is 
  treated in the operation, and an exponent overflow or underfloor can be treated 
  to some extent. 
  6. Instruction Words  
       There are 95 varieties of instructions which can be decoded and executed 
  by the computer. The operation of these instructions are described in the 
  "Computer Instructions". Only the form of an instruction is described here . 
  An instruction coded in a number and occupies a word. So an instruction 
  word and a data word are same in apperarence. But locations in which these 
  words are stored are easily traced. The Computer traces and executes
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 instructiops in sequence specified by the contents of the Instruction 
Location Counter (LC) as is described in "The Operation of the Computer". 
    An instruction has a 3-digit function part (FM, FD, Fu), a 2-digit 
index part (Xx, XM), a 1-digit break point part (B), and a 4-digit address 
part (AK, AR, AD, Au), as is shown in Fig. 2-Organization of Words. Other 
aigits of an instruction word are neglected in the operation of the 
instruction. 
    The function part decides the type of operation performed and the 
address part gives the necessary information in the operation. A number 
in the address part can be modified by the contents of the Index Registers 
(IR) specified by t he index part of the instruction. In this sense the 
No 
instruction system of the computer is called one and a half address system. 
AR-
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2.4 Registers and Counters  
     Informations are processed at and/or stored in registers. An register 
has ordinarily a capacity of a  word. Among operation registers and counters, 
there are AC, MD, OR, IRs and LC. The main memory has 4,250 addressable 
Storage Registers (SRs). All will be described in turn. 
    All these registers and counters are accessible from the programmers 
i.e. the contents can be refld and any necessary number of a proper size 
can be placed in them by programming. Beside, there are various registers 
and counters which help the operation of instructions, but they are not 
accessible from programmers. Among these are a temporary Multiplicand-
Quotient Register (MQ, 12 digits and a sign) which is used for various 
purposes,an Output Buffer Register (BR, 12 digits), an Input Register (IPR) 
and an Output Register (OPR). These registers and counters behind the 
scene are not described here. 
1. Accumulator (AC), Upper Accumulator (UA) and Lower Accumulator (LA)  
    The AC plays a most important role in the operation of the computer. 
The AC is used for various purposes. For example, all results by arithmetic 
operations are placed in the AC. The Upper Accumulator is used for the 
storage for the input and output operations and so on. 
    The AC has 23 digits (an overflow digit and 117(2 digits) and a + or - 
sign (AC sign), while an ordinary storage register has 11 digits, an, 
overflow bit and a sign. Since the upper half (12 digits) and lower half 
(11 digits) of the AC are often used separately, each half has its on name, 
i.e. the Upper Accumulator (UA) and the Lower Accumulator (LA) respectively. 
Accordingly the UA has 12 digits (an overflow digit and 11 digits) and the 
AC sign, while the LA has 11 digits. Since the LA is used for the storage 
of the remainder as a result of the division operation, a LA sign and a 
LA overflow bit exist only for this purpose outside the LA part of the AC. 
The name of each digit of the AC is as follows;._
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                 EliI 
                                     The LA overflow bit (el) 
                                    The LA sign (st) 
  UALA 
The AC: ^  ^^^IIIIIIUU^ 1 ^ IUIIUUUUII 
a v m 1098 7 6 5 4 3 2 1 mt10I9'g7'6'5'4'3'2.1' 
   s : the AC sign (+ or -; reset to 0 or set to 1 respectively) 
   v : the overflow digit 
   m : the most significant digit of the UA 
   1 : the least significant digit of the UA 
mt: the most significant digit of the LA 
11: the least significant digit of the LA 
s': the LA sign (+ or -; 0 or 1 respectively) 
el: the LA overflow bit (the first digit of the characteristic of a 
y 
      floating-point number in the LA) 
     As is described in the Fixed Point Numbers, the range of a fixed point 
number is (1, +1). Since the AC has an overflow digit, its range is (-10, 
+10). The state of an overflow can be detected by various ways, and it 
will be described in the Computer Instructions. The decimal point in case 
of a fixed point number is therefor between the v and m positions of the AC. 
e.g.s v m1 m11. 
© 0 11 21 31 451617 8 910 1-: 2 3 415_ 6 7 8 9 0 1 211 
•
        c(AC) = 1-0.123  456 789 012 345 678 901 2T T 
     In case of a floating point number, the decimal point comes between 
the 10 and 9 position of the AC. The length of the mantissa is 18 digits 
from the 9 position to the 3' position. Numbers in the 2' and 1' positions 
are neglected or reset to zero in most of the floating point operations. 
The characteristic (v, m, 10) has 3 digits, but if it becomes 200 or larger 
than 200, an exponent overflow is said to have occured, and is detected by 
various ways, and it will be described In the Computer Instructions.
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     e.g. 
        s v  m10  91 m0101312+11 
0  (11018  12 34 5 6 7 8 91---0 1 2 3 4 5 6 7 81)401 
            c(AC) _ - 0.123 456 789 012 345 678108 (c=108) 
© 101917 81716 5 431211--0112134 5,678 
           c(AC) = + 0.987 654 321 012 345 678* 10-3 (c=97) 
        When the LA is used separately, the decimal point comes between the 
   1 and m' position of the AC in case of a fixed point number, or between 
   the 10' and 9' position of the LA in case of a floating point number. Details 
   are found in the description of.the instructions DVJ and FDJ. 
        The 4, 3, 2 and 1 positions of the UA are also called the address part 
of the UA . 
   2. Multiplicand-Divisor Register (MD)  
        The MD is used for the storage of a multiplicand or a divisor, and for 
    other various purposes such as for comparison, an extractor and a temporary 
    storage. 
        The MD has a capacity of a word i.e. 11 digits, an overflow bit and 
    a sign bit, quite the same form of a storage register. 
        The name of each digit and each weight is thereforethe same as that for 
    a word. 
 e.g.
s m1 
                123.45671890.11 
                c(MD) = fx( + 0.123 456 789 01) 
S m1  
21311 2 3 415 6 7.-11 9
c(MD) = f1( - 0.123 456 789 1023) 
k-
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 3: Order Register (OR)  
    The computereads an instruction word and places it in this Order 
Register OR, and executes it by decoding each part of the instruction. 
The OR has a capacity of a word. The name of the positions of digits of 
the OR is thereforethe same as that of the instruction word in Fig. 2-
Organization of 'a Word. 
    It is possible to set manually an instruction in the OR and to execute 
it at the console of the computer. This function is used for various ways 
such as the insertion of an instruction in the program, setting the proper 
number in the location counter LC and so on. 
4. Index Registers (IRs; IR1, IR2, IR3)  
    The Index Registers (IRs) are mainly used for the modification of the 
address of an instruction, counting of the repetition of some operations 
and so on. 
    There are three index registers; IR1, IR2 and IR3• Each has a capacity 
to store a 4-digit decimal number without signs. Counting up and down is 
made in modulo 10,000 fashion. All IRs can be used equally, but in the 
operation of the instruction JXU, the comparison of the contents of the IRs 
                                                                   are made only with the IR1. 
5. Instruction Location Counter (LC)  
    As is described in the Operation of the Computer, the Instruction 
Location Counter (LC) is used to control the sequence of programs. An 
instruction word in the location specified by the contents of the LC is read 
and executed. Then one is added automatically to the contents of the LC in 
the normal sequence, so the next instruction is read and executed and so on. 
The control instructions change the contents of the LC conditionally or 
unconditionally and the computer takes the next instruction from there and 
proceet from there (or the control jumps). 
    The LC has 4 digits without sign. If the contents of LC contains a
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number other than 0000",4249, zeros replace the whole contents of the OR 
and the computation stops. 
    The contents of the LC is also used for the modification of the address 
of the instruction whose location is specified by the contents of the LC. 
This time, the LC is treated just like the 4th index register or IR4 (to 
specify the LC) 4 is used, while the IR1, 2 and 3 are specified by 1, 2 and 3). 
6. Storage Registers (SRs)  
    There are 4,250 Storage Registers in total as a main memory, each of 
which has its own address (0000-4,249). A main memory is augmented by an 
auxiliary memory or a magnetic tape memory. This item is described in 
the Magnetic Tape Memory. magnetic cores and a magnetic drum constitute 
a main memory. Each storage register has a capacity of a word i.e. 12 digits. 
An extra parity bit is added to eagp decimal digit (even parity) when infor-
mation is stored (a word: 5 bits parallel 12 digits series). The parity 
check is made when reading these informations. The access time of each 
storage register depends on the type of the memory. 
(1) The magnetic drum memory 
    Information is magnetically stored on the surface of the rotating dread 
             Each 
(ca. 6000rpul).—five out of many Read/Write heads write or read words on 
or from the magnetic drum. It needs ca. 10ms per one revolution of the drum. 
The periphery of the ma,^netic drum under these five heads stores 200 words 
(2,400 bits per head), and is called a normal band of the magnetic drum (N-
band). There are 20 normal bands (or 4,000 storage registers). Therefor 
the average access time is ca. 5ms. 
     Beside these, there are four quick access bands (Q-band). One quarter 
of the periphery of the magnetic drum is used for a Q-band, and has the 
capacity of 50 words with the agerage access time of ca. 1.25ms (total 200 
words). In each Q-band five write heads write words,and five read heads 
^- 
spaced a quarter of the peripheral length apart from the write heads in the
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dir$ction of the revolution read these words. Then five erase heads erase 
   (or reset all 2iunber to zeros) all these words. Information read is fed 
   back to the write heads, so the information recirculates in each Q-band. 
        To provide an address to each location of these storage registers, 
   a Drum Location Counter (DL) counts numbers in synchronism with the revolution 
   of the drum. Since 200 words exist in the periphery, the DL countsfrom 
   0 to 199 in modulo 200 fashion per revolution, and for the Q-band the contents 
   of the DL is decoded in modulo 50 fashion. 
        To access to the storage register of a certain address, the computer 
   selects a certain band and waits till the DL counts a certain number. 
       The address (AK, Ag, AD, AU) of each storage register is as followes; 
     Normal Bands: (0000 - 3999) (average access 5ms) 
N-band 1 : 0000 - 0199 
          2 : 0200 - 0399
          20 : 3800 - 3999
     Quick Access Bands (4000 - 4199) (average access 1.25ms) 
Q-band 1 : 4000 - 4049 
          2 : 4050 - 4099
          3 : 4100- 4149
          4 : 4150 - 4199
       In the N-band, AU, ADand the weight-1 of the AH (or Ag, AD, Au in 
   modulo 200) is used for the coincidence with the contents of the DL. Other 
   information is used for the selection of the N-bands. 
        In the Q-band, AD and AU in modulo 50 is used for the coincidence with 
   the contents of the DL in modulo 50. Other information is used for the
   selection of the Q-bands. 
   (2) The magnetic ore memory 
Ir has a capacity of 50 words and is a random-access memory with 5904s
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access time. Information are stored in the magnetic cores arranged in 
matrix in one bit per one core basis. Just the same way as of the  drum 
memory, parity bit is added to each digit of a word. The r rity of infor-
mation are checked whenever information are read. 
    The address is; 4200 - 4249. 
    The usage of the core memory is suspended during the most of the 
magnetic tape operations. Detainis are described in the Magnetic Tape 
Operations. . 
                                     1r 
•-
2.5  Error Checks  
    Two kinds of checks are employed in the computer; a parity check and 
a validity check. 
(1) The parity check at the Input 
    A code of each I/O character has a (even) parity bit, which makes the 
number of is in the code even. If an odd number of is in the code is detected, 
the computation stops at the end of the operation of the current instruction, 
and sets on the HALT lamp and the INP PARITY CHECK lamp on the console. 
(2) The parity check at the Storage Registers 
    Each decimal code is coded in the BCD form with four bits. An extra 
bit or a even parity bit is added to this four-bit code. When reading 
information from the SRs, a parity is examined. If an odd number of is in 
the code is detected, the computation stops at the end of the operation of 
the current instruction, and sets on the HALT lamp and the DM or CORE 
PARITY CHECK lamp on the console Npending upon the type of memories in 
which the error has originated. 
N.B. In Q-band of the drum memory, the parity is constantly examined. 
                                                           (3) The validity check at all the registers and counters 
In t he BCD, 10 out of 16 states of a 4-bit number are used, and other 
6 states are therefor a forbidden combination of a 4-bit number. This 
forbidden combination is constantly check by the computer, and this check 
is called a validity check. This check is made in all the operation 
registers and counters and-Ithe storage registers. When this kind of errors 
is checked, the computation stops et the end of the operation of the current 
instruction, and sets on the HALT lamp and the VALIDITY CHECK lamp on the 
console. 
(4) The dual parity checks of the magnetic tape memory. 
    This item is described in the Magnetic TapeMemory. 
(5) These check lamps are extinguished by depressing the START or SS button
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on the console which at the same time starts the operation of the next 
instruction in sequence. But if a parity error is being checked at the 
Q--bands of the drum Memory, or a validity error is being checked at the 
operation registers, and since these checks are constantly made, the compu— 
tation stops once again by these checks unless these error should be removed.
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                         Chapter 3 
INSTflUCTIO1S OF THE CC' I'UT: HP 
.1 Introduction 
     The most suitable set of instructions to the cog muter_ used ig the 
staff and students of Kyoto University oaenot be decided 
first Hitachi, Ltd. suggested the one which was based on a set of instruc-
tions developed for the ETL I-;ark V computer of Electrotechnical Laboratory 
of Japan. It became the basis of' discussion between Kyoto Universi y and 
Hitachi, Ltd. at the beginning. However, it was pointed out that there .:~.rc 
yam{ ambignities in definitions of the instructions , and roneover there were 
too many arithr, ^tic operations in cooparison with non rith _ et is operations 
such as shifting, transfer, control, index and logical operations. 
     The original plan was composed of about 130 instructions, and after 
Series of joint discussions it became olsost a new set of _structions . 
     Professor T. :3ahai of Kyoto University emphasized the i Tort,ence of 
logic l operations in connection with the problem of pattern recognjtiens. 
The author analysed the suggestions and reached to a conclusion that not 
only the operation between words or between decimal digits but also 
operation between numbers of different weights , nd between kits are necessary 
in spite of the decimal structure of the machine. The instia ctims which 
perform logical operations were thus developed. The author who had to 
perforce logical design of the computer and for that purpose was sent to 
Tozuha Works of Hitachi, Ltd. from the University had made a final draft of 
the KDC-I instructions for Hitachi, Ltd.. and the draft was then spa,-:rested 
by Hitachi, Ltd. to Kyoto University and it was finally approved by both 
with some corrections. 
     The instruction system of the computer is one-and-a-half address or 
a4+ single address with the address modification function by the contents of
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the IRs. Ninity-five varieties of instructions including nine instructions 
for magnetic tapes was finally adopted. The function to clear the contents 
of the AC can be added to n11 instructions, if necessary. 
     By providing a rather r: ch repertory of instructions and a decimal 
structure to the machine, the pro;;ro in„ for the computer is expected to 
become much easier than for existing machines. 
and 
     In this chapter r:.ain features of the instructions, a list c FJ_';-I 
instructions are presented in the first place, and then the details of 
logical and special instructions, which aro teouc-ht new and interesting, 
will be described. The details of the definition of all YDC-I instructions 
will be given in Appendix B.
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?. List of 1KDC-I Instructions  
Pefore presenting a list of instructions, necessary infoi L ,t=in is 
r i_ven for the convenience of describing the computer instruction as con-
sicely a.; possible. 
1. ,Symbolic Codes. 
                (1) The symbolic lic representati on of an instruction 
     As is described in the instruction word, the necessary information in 
case of describing its operation are a function pert (FI1, FD, 2U), an index 
part (Ix, ;-I-), and an a.ddeess part (AI-, Ali, AD, AU). A Brea'_ point has 
rather an independent function, so it is enough to describe it once separately. 
     Every instruction has its own 3-alphabet mnemonic symbolic code, e.g. 
the "subtract" operation has its symbolic code SUB, andits numerical code 
is 10/4 or the function part of this instruction must be 104. The address 
part are described by a symbolic address `_, and if the modification of the 
address is possible by the IRI and J, the instruction is written as SUB IJ 
A, etc. (PA .. -; in the operation of this instruction, the numbers in the 
address and the incise:- parts are ne_plected in the operation.) 
(2) Symbols concerning- the index part of an instruction 
     The in-'er pert (l.X, S ) of an instruction is used for various ways. 
But mainly this part is used to specify the index registers in question. 
The IR1 is specified by 1, IR2 by 2, and IR3 by 3, or symbolically IPA)" is 
specified by J, and so on. Since this part is used for various purposes, the 
following symbols are often used according to the usage of the part, though 
the usage of any symbols is allowed;- 
   I,J : In case of the modification of an address. 
!:.P. I or J can be 1, 2, 3 or 4 (c(LC) is used) . But in some 
             situation I, J, K and L are used for IRl, 2, 3 and LC respectively 
fT : In case of the Index Operations where the IR on which the operation 
r 
      is 1 ,ade should be specified by the Xx part (H = 1,-2, 3)%
 : In case of the instruction TLU where the location to which  the control 
      night jump should be prepared in the c(IR Y) (i 1, 2, 2i. 
  •: In case of the instructions LLY , STh,where the number of a quick band 
       should be specified by the Xx part (<), = 1, fl, 3, L; i relevant to the 
IRs). 
   S : In case of the instruction JSW where cn:? out of five .0F3': switches on 
       the console should be specified by the Xx part (S = 1, 2, 3, 4, 5; 
       irrelevant to the IRs). 
Pi : In case of the Magnetic Tepe Operations where one out of four magnetic 
       tape handlers should be specified (N = 1, 2 at present:; irrelevant to 
      the IRs). 
(3) Symbols concerning the address part of an instruction 
  A : a symbolic address (actually four digits)
   E : an effective address or modified address (actually four di: its) 
   n : a symbolic number which spEcifys a number of shift, a number of 
       characters, etc. This n is written in the address pert of an
       instruction, but it does not specify an address. 
: a type of a character and a number of multitude in the instruction .iSP. 
2. The modification of an Address 
-A number in the address part of an instruction can be r odi fied by the 
contents of the I21,2,3 and/or the IC specified by each number in the 
two-digit index part of an instruction. The index part of an instruction 
is used for various ways as Aescribed in the previous p,n.rccraph. 
     In the description of each cor:iputer instruction, the sTmbo1 r end/or 
J are used when the index part is used to snecify the Ins or LC for the 
modification, and the symbol H is used when the index part is used to specify 
the one of the IRs on which the operation is made. The modified address is 
often called the effective address, denoted as E. 
    The modification is made just before the execution of the current 
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    instruction at the OR. The c(I:'.) or c(LC) specified by the s: hol J is 
adder' to the address part of the instruction in ;:.odulo 1C,000 and then the 
c(IR) or c(LC) specified by the symbol I is added to the address part of 
    the instruction n nnoe?ulo 10,000 . - 
         If the -r;odi fication is unnecessary, zero should be written in each of 
    the or position. If the symbol I or J =1,'',i or 1,, ti-:e IArl,2,3 or the 
    LC is specified respectively-
    e. IJ A = * IJA a c(I) + c(J) + A 
           ADD 1? A = c(Ii:l) t c(I?h2) r A 
ADT) 3a, A L = c(I'3) ,- c(LC) + 
ADD 22 A0e. 2a'c (IP2 t A 
ADD 01 A 0 = c(Ihl) t A 
       ADD 00 AA 
           SLS Id n #IJn = c(I) ^ c(J) + n 
           JXL H J A = * JA = c(J)  t A 
J:Z H2 A = c(I'.'2) t A 
J:a. Hi! A L c(LC) + A 
J;1 HO A , = A 
dO: HJ n *Jn 
. The Break Point  
         The Prer l: 1'oi nt part of ,en iiistructi -n is used when he cor mutation 
    of a nroereri sho'O d be sto ned at the pre-deter i ned instruction for con- 
     ven _ence of a 1,roCrrn ciFoci:. 
         The computation is stopped at the end of the on ration of the instructions 
    whose Drealc Point pert 1-13 an odd rnueber, only r Shen the B button on the 
    console is set on, end the hALT lamp on the console is turneJ on. If the 
START button on the console is depresse, , the noxb instruction in sequence 
    is started.
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     Thus if the B Button is not set, the computation is not stopped 
regardless of a number in the Break Point part. 
4. KDC -I Instructions 
     In Table 1 a list of the KDC-I instructions is presented. The numerical 
operation code, the symbolic code, its operation time rnd the explanation of 
each instruction are described in the ascending order of the numeric:1 
operation codes. The details of the definition of all F :DC-I instructions 
will be given in APpendi: B.
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                             TABLE 1. KDC-I  INSTRUCTIONS 
NUM. INSTRUCTION TIME (ms)TITLE and OPERATION 
CODE 
          100 ADD I J A 0.50 -I- Ai -I Aa Add. 
                                        c(AC)pUA I c(rIJA) -> c(AC ). 
          102  ADA IJ A 0.50 1-Ai I Aa Add Absolute. 
                                        c(AC)pUA I Ic(rIJA)I.- c(AC).
          104 SUB I J A 0.50 I Ai I Aa Subtract. 
c(AC IJA --c(AC).. 
          106 SBA I J A 0.50 I- Ai -I- Aa Subtract Absolute. 
c(AC)pUA- Ic(r IJA )> c(AC). 
       110 ADM •0.50 -f- Ai Add MD. 
c(AC)pUA+c(MD) -> c(AC). 
        114 SBM • • 0.50 -I Ai Subtract MD. 
c(AC)pUA-c(MD) c(AC). 
          120 MPA I J A 5.8 av -I- Ai+Aa Multiply and Add. 
c(AC) + c(MD)*c(# IJA) -- c(AC). 
          122 MPS I J A 5.8 av -I- Ai 4- Aa Multiply and Subtract. 
c(AC)-c(MD)*c(r IJA) -> c(AC). 
         130 RAA I J n 0.50+AiRaise Address. 
c(AC)pUAad -F r IJn -> c(AC ). 
         134  LWA I J n 0.50-I-AiLower Address. 
c(AC)pUAad-rIJn -> c(AC). 
        138 RND I J n 0.50-I-Ai Round. 
c(AC)rnd --> c(AC). 
          140 ADR I J A 6.9 av+Ai+Aa Add, Divide andRound or Halt. 
[{c(AC)pUA+c(rIJA)}/c(MD jrnd- c(UA) ; 0 -> c(LA) , or Add and Halt. 
          150 DVJ I J A 6.0 av + Ai Divide or Jump. 
c(AC)/c(MD)--c(UA) ; Rem —c(LA), or Jump, [R]. 
          152 i DRJ I J A 6.6 av -I- Ai Divide and Round or Jump. 
{c(AC)/c(MD)}rnd->c(UA) ; 0->c(LA), or Jump. 
          160  ADL I J A 0.55+Ai-f-Aa Add to LA. 
c(AC)pLP +c('rIJA.) - c(AC). 
          162 AAL I J A 0.55 -I- Ai -1- Aa Add Absolute to LA. 
c(AC)pLA+ I c( IJA) I - c(AC). 
          164 SBL I J A 0.55 +Ai -I- Aa Subtract from LA. 
c(AC)pLA-c(-IJA) -> c(AC). 
          166 SAL I J A 0.55-f-Ai+Aa Subtract Absolute from LA.
c(AC)pLA- c($ IJA) I -- c(AC). 
          200  FAD I J A 1.3-I-Ai-i Aa Floating Add. 
c(AC) Ici;rIJA)->ctAC). 
          202 FAA IJ A 1.3 I-Ai I- Aa Floating Add Absolute. 
c(AC) jc(IJA)I-- c(AC ). 
          204 FSB IJ A 1.3-I-Ai-I-Aa Floating Subtract. 
c(AC)-c(r IJA )-•c(AC). 
          206 FSA IJ A 1.3-I-Ai-I-Aa Floating SubtractAbsolute. 
c(AC) lc( :Pr >c(AC). 
        210 FAM • • 1.3-I-AiFloating Add MD.
                                             c(AC) I c(MD) • c(,AC). 
         214 FSM • • 1.3 E AiFloating Subtract MD.
                                                 c(AC)--c( MD) - -. c(AC ).
          221 FMP/ IJ A 5.2 av I Ai -I- Aa Clear and Floating Multiply. 
c( MD 11,c IJA) .c(AC).
 C— 
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 TABLE  1.  (Continued) 
NUM. 
CODEINSTRUCTION TIME (ms)TITLE and OPERATION 
           223 FMC/ I J A 5,2 av+Ai +Aa Clear, Floating Multiply andChange Sign. 
-c(MD)*c(*IJA) -•c(AC). 
          238 FRD I J n 0.55+Ai Floating Round. 
                                            c(AC)rnd -• c(AC).
           240 FAV I J A 6.7 av+Ai+Aa Floating Add, Divide and Round or Halt. 
[{ c(AC) +c(#IJA) }/c(MD)] rnd -• c(UA) ; 0-•c(LA) , or Add and Halt. 
           250 FDJ I J A 5.1 av + Ai Floating Divide or Jump. 
c(AC)/c(MD)-•c(UA); Rem— c(LA), or Jump, [R]. 
           252 FDR I J A 5.6 av + Ai Floating Divide and Round or Jump. 
{c(AC)/c(MD)}rnd-•c(UA); 0-•c(LA). or Jump. 
          300 STO IJ A 0.35+Ai+Aa Store. 
                                          c(UA) -•c(#IJA).
          302 SLA I J A 0.35+Ai+Aa Store LA. 
c(LA) -• c(#IJA), N.B. R-ind. 
          304 STM I J A 0.35+Ai+Aa Store MD. 
c(MD) -• c(4IJA). 
           306 STA I J A 0.35+Ai+Aa Store Address. 
c(UA)ad -• c(#IJA)ad. 
           308 STL I J A 0.35+Ai+Aa Store Location.
c(LC) -• c(# IJA)ad. 
         310 PAM • • 0.35+Ai Place UA to MD.
c(UA) -• c(MD). 
          320 LDM I J A 0.35+Ai+Aa Load MD.
c(# IJA) -• c(MD). 
           322 LDA I J A 0.35+Ai+Aa Load Address. 
_ c(# IJA)ad -• c(UA)ad. 
           324 CMP I J A 0.55 + Ai + Aa Compare. 
                                          c(LC) +1, 2,3 --•c(LC), if c(MD) c(# IJA). 
340 FSL I J A 0.95av+Ai+Aa Floating Store LA. 
c(LA) mac(#IJA). 
           360 TLC MJ A 5.5 av+Ai+Aa Table Look Up. 
loc(c(MD)) -• c(OR)ad, [P], or c(M) -• c(LC). 
           364 LDQ QJ A 2.9+Ai+Aa Load Quick Access. 
c(#JA), ... --•c(Q#JA), ... 
           366 STQ QJ A 2.9+Ai+Aa Store Quick Access. 
c(Q#JA), ..• --, c(# JA), ..• 
          410 FFL • • - 0.80+AiFixed to Floating. 
                                     fx(c(AC)) to fl(c(AC)).
           450 FFX I J A 0.55+AiFloating to Fixed or Jump. 
                                        fl(c(AC)) to fx(c(AC)), or Jump.
           500 EAD I J A 0.55+Ai+Aa Extract and Add. 
c(AC)pUA + c(# IJA) & c(MD)odd c(AC). 
           502 ERE I J A 0.35+Ai+Aa Extract and Replace. 
                                       c(UA) & c(MD)evenU c(#IJA) & c(MD)odd 
-• c(UA) . 
         510 SSP • • 0.30+AiSet SignPlus.
c(AC) I -• c(AC). 
          512 CHS • • 0.30 4- Ai Change Sign.
-------- - —-----------------------------c(AC) -• c(AC)'--
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                                 TABLE 1. (Continued) 
NUM. INSTRUCTION TIME (ms)TITLE and OPERATION  CODE 
--——-----------------------— 
514 NOP • • - 0.30 +Ai No Operation. 
        516 NOT • • - 0.35 + Ai NOT.  
                                    c(UA) & c(MD)U c(UA)& c(MD-i c(UA) ; 
0-.c(UA, 8). 
          518 SCT • • - 1.4 av+Ai Shift andCount. 
                                             LLS until1st non-zeroappears in UAm, andshift 
                                         count c(OR)ad, [P]. 
        520 AND I J A 0.35+Ai+Aa AND. 
                                   {c(UA) & c(4IJA)}& c(MD) U c(IJA) & c(MD) i --.c(UA); 0 --.c(UA, 8). 
          522 IOR I J A 0.35+Ai+Aa Inclusive OR. 
{ c(UA) U c( IJA) } & c(MD) U c(UA) & c(MD) ->c(UA); 0--c(UA, 8). 
         530 SLS I J n 0.55+Ai Short Left Shift. 
                                         left shift ofc(UA) by (OIJn)2,1 places. 
         532 LLS I 3 n 0.55+Ai Long Left Shift. 
                                         left shift ofc(AC)by (lJn)2,1places.
         534 LCS I J n 0.55+Ai Long Cyclic Shift. 
                                           cyclic left shift ofc(A.C)by c(#IJn)2,1 places. 
          536 SRS I J n 0.55+Ai Short Right Shift. 
                                         right shift ofc(UA) by(#IJn)2,1 places. 
          538 ' LRS I J n 0.55+Ai Long Right Shift. 
                                         right shift of c(AC)by(#IJn)2,1places.
        550 WAN I J n 0.35+Ai Weighted AND. 
                                           c(UA, 1) & c(UA,nIJn) ->c(UA,1); 0-.c(UA,2, 4, 8). 
         552 WOR I J n 0.35+Ai I Weighted OR. 
                                           c(UA, 1) Uc(UA,#IJn)--c(UA,1);0-.c(UA,2,4,8). 
         630 SEL I J n 0.35+AiSelect Component.       
I Iselect I/O Component specified by #IJn. 
          632 I RIN I J n PTR ; 200 ch/s Read-in. 
                                           read (4IJn)2,1 char. into c(TJA) 
                                           in mode specified by (4IJn)4.
         634 WRT I J n I 0.35 + Ai ; Write. 
8 ch/s print and/or punch (,4IJn)2,1 char. from c(UA) 
                                         in mode specified by (ItIJn)4. 
          636 WSP I J m 0.35+ Ai ; Write Special. 
                             8 ch/s printand/or puncha char. specified by 
(*IJm)4,3 (IJm)2,1 times. 
         638 FWR •0.35+ Ai ; Floating Write. 
8 ch/s print and/or punch fi(c(UA)). 
         710 HJM I J A 0.35+Ai Halt and Jump. 
                                           halt andTf IJA —.c(LC).
         712 JSW SJ A 0.35+Ai #JAPc(LC), if Switch-S is on. 
        714 JMP I J A 0.35 + Ai Jump. 
#IJA -> c(LC). 
          750 I JMI I J A 0.35 I-Ai Jump on Minus. 
#IJA-•c(LC), if c(AC)<-0. 
         752 JUN I J A 0.35 ; Ai Jump on UA NoZero.
#IJA->c(LC), if c(UA)40. 
         754 JNZ I J A 0.35 ; Ai Jump on No Zero. 




                                     TABLE 1. (Continued) 
NUM.-1INSTRUCTION TIME (
ms)TITLE and OPERATION CODE 
            756 j JOV I J A 0.35 tAi Jump on Overflow. 
# IJA --> c(LC), if c(UA)v +0. 
             758 JEO I J A 0.35 -fAi Jump on Exponent Overflow. 
# IJA c(LC), if c(UA)v z 2. 
             820 LXA HJ A 0.35 -I- Ai + Aa Load Index from Address.
c(# JA)ad -. c(H). 
            822 STX HJ A 0.35+Ai+Aa Store Index. 
c(H) -> c(# JA)ad. 
           830 SEX HJ n 0.35+AiSet Index.
#Jn-^c(H)•           
• 832 RAX HJ n 0.35+AiRaise Index. 
c(H) -1-# Jn- . c(H). 
           834 LWX HJ n 0.35+AiLower Index.
c(H)—#Jn-->c(H). 
             850 JXT. AT A 0,35+ Ai Jnmpwith Index Lowered. 
                                                if c(H)+0, #JA->c(LC),and c(H)-1•->c(11),
                                                     or if c(H)=0, normal seq., and 9,999-••c(H). 
             852 JXR HJ A 0.35 -+ i Jump with Index Raised. 
                                              if c(H)+0, #JA->c(LC),and c(H)+1-~c(H), 
                                                   or if c1I)=0, normal seq., and 1-> c(H).
            854 JXU HJ A 0.35+AiJump with Index Unequal. 
                                              if c(H)+(1R1), -"rJA-•c(LC), and c(H)41->c(H),
                                              or if c(H)=c(IR1), normal seq., andc(H)+1 -> c(H). 
            856 JSX HJ A 0.35+AiJump after Set Index from LC. 
c(LC) -> c(H), and # JA --> c(LC). 
             860 PSX I J A 0.35+Ai+Aa Set Pseudo Index. 
c(# IJA)ad --.c(OR)ad, [P].  ~I 
            910 BTP NJ A 0.45+Ai ; 220 I Buffer to Tape. 
                                          c(CB) and # JA ->c(MT, N; # JA)
            912 TPB NJ A 17.0+ Ai ; 220 Tape to Buffer. 
                                                c(MT, N)--..c(CB); if blook No.=# JA, skipnext 
                                                instruction, [TC]. 
            914 BLS NJ A 0.45+ Ai;Blook Search.
                               100*n -1120  c(MT,N; # JA) --> c(CB), [TC]. 
             920 DMB •J A 2.90+Ai +-Aa Drum to Buffer. 
c(#IJA), ••• c(4,200), ••• 
            922 BUM •J A 2.90+Ai+AaBuffer to Drum. 
                                                        c(4,200), ••• ->c(#IJA),••• 
             930 RWD N. -- 0.45+Ai ; 20; Rewind. 
                                 ay. ca. 450 cm/s rewind(MT,N) toits load point. 
             932 BST N. - 0.45+Ai; 220 Back Space Tape. 
                                              test c(MT,N) inbackward direction,[TC].
             934 TTP N• - 0.45+Ai ; 220 Test Tape. 
                                              testc(MT,N) in forward irection,[TC].
            936 ETP N • 0.45 + Ai ; 220  Erase Tape. 
                                              eraseoneblock lengthof (MT,N) in forward 
                                                     direction. 
            950 JTG • J A 0.45 +AiJump onTape Good. 
                                                   if TC-ind. is off, #JA-->c(LC), orif on, normal seq.
            952 JTE NJ A 0.45+Aii Jump by Tape End. 
                                              if No. N TE-ind.is on,# JA c(LC),
or if off, normal seq. 
Ji
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                          TABLE 1. (Continued) 
Notes 
The operation time is unchanged whether or not the modification of the address of an instruc-
tion takes place. The time for the modification is included in the operation time. 
For the instructions which permit concurrent operations, the time needed for the central 
processing unit is written first, and the time needed for the output unit or the magnetic tape 
control unit second and so on. 
Symbols and Abbreviations 
Ai : instruction access time. 
Aa : data access time. 
: the replacement. 
: the modification of the address of an instruction by the index registers, 
     e.g. #IJA=c(I)+c(J)+A (in modulo 10,000). 
& : logical AND. 
U : logical OR. 
— : logical NOT. 
rnd . round off. 
Rem : remainder. 
P-ind.: if the P-ind. is on, the address part of the next instruction in sequence is modified 
       by the result in c(OR)ad of the former instruction, or if off, normal. 
R-ind.: remainder indicator. 
TC-ind.: magnetic tape check indicator. 
[P], [R] or ETC]: the type of an instruction which affects P, R or TC-indicator. 
c(X) : the contents of the register X, e.g. c(AC), c(#IJA), etc. 
c(I), c(J) or c(H) : the contents of the index register IR I, J or H. 
c(Y)ad: the contents of the address part of Y. 
c(AC)pUA : the contents of the AC, on the UA part of which the operation is made. 
c(UA)v : the content of the 12-th or the overflow digit of the UA. 
c(E) & c(MD)odd : the extracted c(E) by the odd numbers in each digit of the MD. 
c(CB) : the contents of the core buffer memory. 
UAad : the addrese_part of the UA. 
UAm : the 11-th or the most significant digit of the UA. 
(#IJn)i : the number of the i- th digit of #IJn. 
loc(n/2): the location of a data word whose contents are 7r/2. 
fx(x) : a fixed-point number x, e.g. fx(r). 
fl(y) : a floating-point number y, e.g. fl(n). 
Q#JA : the address in the quick access band No. Q which satisfies Q#JA—#JA (in modulo 50). 
c(UA, i) : the contents of 11 bits specified by the weight i of the UA excluding the UA 
         overflow digit. 
(MT, N) : magnetic tape in No. N magnetic tape handler. 
c(MT, N) : a block on (MT, N) 
c(MT, N ; #JA) : a block whose block number is #JA on (MT, N).
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 .:,  :.ain Features of the ....:Instructions 
Features of the instructions can be sip-IP:Pi:zed ps 
(1) The Clear Lperation: The numerical code of my instruction has an 
even number 4f,-:,,oept that of 7 f-/ and (223). L aridin7 one to 
rr,,,T even nl,bered code, it in possible to clear the contents of the AC rjr_Ft 
':,efore the o itcn of the instruction ef an even nr: h cd soft. 
(2) Fined-Foint Operations: The 1 uble lene;tli F^(;(11tion 
.111-)tri eLlen operations . 
(3) oint -.. ens : The e.ou'Ll lon7th finatinT- 'tri on 
r,nd su7tr'cticn ober:Lti- . 
(4) C onvorzion 0-pr,rations: A fL.:_e(' -point muter is cY' -Ante flont ir.r.- 
 eint tut-11,er on2 vice ver:--,. 
(5) uper5.,tions: The sins of the AC can 1-e set lue or c:n 
 .
; Linr's of ri -It c itt, U.& 
left sit, "A-LA shift, 7f.tA le nt shift, ' -LA left c-:c ft 
n(3 hoof zoro count nC s'.:!ft of TA-LA 
(7) 'iorc. r:•rprfer Opeuntic : The nn Ia if of 1 ,„uble 
in the AC cnn 1-e store(' ,7!:: lon ir noirt sin her ith a co. nersr ti 
charo,otcri:;t-Lc. 
(C) A' noes-r7.nofcr I rerrtfic: o:other 
cr,er-tinns nC inc)c, operr•t,Li_oos, the -oo-r-c7 
r:nd cc,-untinr-, ore od la, these opsr;-tionc. ho c(LE; cnn 
1-c: store,' in the E:r1r1ress i• 34: of r' storr7e 
(°) Floc' Trr_sfer Cncrot_l The f_netructiins ,,.7roup of 
,Thich C0113 :-]tc of 4'74 ft's nerdsless 1—t,1rcen Hort 1- 1-1- of OA° c- cnn 
v, hes, -cr-ess tin ciL-; feren' , -nd t 5io (jui el: 
e cry of Llic rn , Lot\I-c-2n ton cry and tIe core es-cry, 
bctrocp the corn !n,--" the
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(10) Control Cperations: Fourteen kinds of control operation. Since the 
AC is a double length register, the state of not being zero should be ex-
pressed in two ways i.e. "the c(UA) are not zero" and "the c(AC) are not 
zero". Two control instructions which can test each of the above states 
are employed (JUN and JNZ). The instruction JSW can test the state of 
switches on the operator's console. The instruction JSX is particularly 
useful for the linkage of subroutine since the c(LC) is stored in one of 
the IRs and at the same time the control jumps to a specified location. 
    The instruction CNP is designed to perform the following operetion;-
the c(YD) are compared with the c(E) (E =the specified location). If the 
c(fl)) is greater than the c(E), the control is in normal sequence, if 
equal, skips the next instruction, or if smaller, skip-:s the next two instruc-
tions and proceeds from there. Furthermore this instruction can be used 
A 
for normalized. floating-point numbers as well as for fixed-point numbers, 
since the characteristic of a floating-point number is placed at the head 
of a word and a mantissa is placed next to it. 
(11) Index Operations: The c(IR) can be replaced, increased, decreased or 
stored. Brief functions of the IRs are;-the direct indexing by the IRs, 
while the indirect indexing is performed by utilizing the instruction PSX. 
The modification of the address part of an instruction can be done twice 
by the c(IR) and/or c(LC). The instructions concerning the index operations 
can be also modified by the c(IR) or c(LC). 
(12) Logical Operations: Since these operations have interesting properties, 
full details will be given later. Brief operations are: digitwise extract, 
bitwise extract, AND, OR and NOT operations. 
(13) Special Operation: New instructions which are difficult to classify 
have been gathered, and since these instructions exhibit also interesting 
properties, deails are fully described later. 
(14) Input-Output Operations and Tape Control Codes: Selection of one or
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several combinations of various I/O components. Alphanumerical nd 
numerical I/O instructions and a floating-point form output instructions. 
A single read-in instruction RIlN can read an instruction, a fixed-point or 
a floating-point number by using some special characters on paper tape, 
which are called Tape Control Codes. 
(15) Aagnetic Tape Operations: Briefly the instructions perform: writing, 
reading, testing, erasing, regrinding and examining the tape end and the 
parity error. By the operations, the magnetic tape is moved forward or 
backward, or is rewound, or is not moved. Any four-digit block number can 
be written. The block number can be used for the search and the confirma-
tion of a block. Defective portions of the magnetic tape can be detected 
and skipped by suitable programming. 
3.4.Details of Logical and Special Operations  
     Since the instructions concerning the logical and special operations 
have various interesting properties, the full details of these instructions 
are described. The same symbols and abbreviations used in the previous 
sections will be used.
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Logical Operations  
    The following instructions are described; ERE, AND, 10R, NOT, WAN, WOR. 
    The instruction EAD is explained in the Fixed Point Arithmetic Operations. 
                                                   (in Appendix B) 
    The logical operation is made by regarding a zero or one of a binary 
number, four of which can constitute a binary coded decimal number (BCD code), 
as a false or true value of a logical variable respectively. The truth tables 
for the logical AND, OR and NOT (whose symbols are &, U, ) are as follows; 
x y x& y x U yx x  
0 0 000 1 
o 1 011 0  
1 0 01 
1 1 11  
    Each bit has a weight in BCD code, i.e. 1, 2, 4 or 8 and a bit is called 
a bit of the weight 1, 2, 4 or 8 respectively. A particular bit in a register 
is specified by a number of the digit position and a number of the weight. 
                            to show 
    The symbol c(UA,i) is used A the contents of 11 bits specified by the 
weight i of the UA excluding the AC overflow digit. The c(MD) can be used 
as a digit-by-digit extractor for ERE (and EAD), or as a bit-by-bit extractor 
for AND, IOR and NOT. Numbers in a particular weight can be extracted by 
4AN or WOR. 
502 ERE IJ A "Extract and Replace" (0.35 + Ai + Aa) 
  c(UA) & c(ND)even U c(E) & c(NE)odd -+ c(UA). 
    The least significant digit of the UAas well as of the register of 
loc. E (_ # IJA) corresponds to that of the FD, the second digit to the second, 
and so on. 
    A decimal number in each digit of the UA whose corresponding digit of 
the 1'D contains an odd number is replaced by a decimal number of the corresponding 
digit of the register of loc. E, and remains as it is if the corresponding 
digit of the IUD contains an even number. The c(MD) are in this
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.sense a digit-by-digit extractor. 
N.B.1. The AC sign and a number in the AC overflow digit are unchanged. 
      The c(LA), c(MD) and c(E) are unchanged. 
    2. Both a sign and a number in the overflow bit of the ND are neglected. 
    3. An odd number has 1 in the weight 1 (LCD code), while an even number 
       has 0. 
c(AC): D C112314567891011--987 6 54321011 
e.g. ERE 
      c(E) : R10112--------------------------3 4 5 6 7 8'9181 
c(LD): 111 1 0 0'0'3 3.31 
`-~c(AC): 0 MOE3 5677898 9811611®©11©011 
520 AND IJ A "AND" (0.35 + Ai + Aa) 
lc(UA) & c(E) & c(MD) U c(UA) & cM.D--i c(UA); 0 -4. c(UA, 8). 
     The AND operation is made only between a binary number in each of the 
particular bits of the UA whose corresponding bits of the FD contain 1's and 
a binary number in each corresponding bit of the register of loc. E (=#~IJA). 
The result is placed in each of the corresponding bits of the UA. The 
contents of bits of the UA other than the above remain unchanged, except 
that numbers in the weight 8 of the UA are made zeros. The c(MD) are in 
this sense a bit-by-bit extractor. 
N.B.1. The AC sign and a number in the AC overflow digit are unchanged. 
      The c(LA),  c (I•:D) and c(E) are unchanged. 
522 IOR IJ A "Inclusive OR" (0.35 + Ai + Aa) 
  {c(UA) U c(E)} &c(I~;D) U c(UA) &c(MD)--~c(UA); 0--i c(UA, 8). 
   ` 
The OR operation is made only between a binary number in each of the 
particular bits of the UA whose corresponding bits of the YD contain is and 
a binary number in each of the corresponding bits of the register of loc. :E 
(= # IJA). The result is placed in each of the corresponding bits of the UA. 
The contents of bits of the UA other than the above remain unchanged, except 
that numbers in the weight 8 of the UA are made zeros. The c(YD) are in
 c  -17 
this sense a bit-by-bit extractor. 
N.B.l. The AC sign and a number in the AC overflow digit are unchanged. 
      The c(LA), c(MD) and c(E) are unchanged. 
    2. The following formulae are equivalent to the above; 
     c(UA) U c(E) & c(MD) --i c(UA); 0 --> c(UA, 8). 
516 NOT .. - "NOT" (0.35 t Ai) 
7577 & c(MD) U c(UA) & C(MID) -4- c(UA); 0 -4 c(UA, 8). 
    The NOT operation is made only on a binary number in each of the 
particular bits of the UA whose corresponding bits of the !D contain fs, and 
the result is placed in the same bits of the UA. The contents of the 
bits of the UA other than the above remain unchanged, except that numbers in 
the ,weight 8 of the UA are made zeros. The c(MD) are in this sense a 
bit-by-bit extractor. 
N.B.1. The AC sign and a number in the AC overflow digit are unchanged. 
      The c(LA) and the c(ND) are unchanged. 
   2. Numbers in the index and theladdress part of this instruction are 
      neglected in the operation. 
   3. In other words, the above operation is the "Exclusive OR" between the 
     c(UA) and the c(MD). 
550 WAN IJ n "Weighted AND" (0.35 + A) ) 
  c(UA, 1) & c(UA, #IJn) -+ c(UA, 1); 0 --s c(UA, 2, 4, 8). 
    The AND operation is made between a binary numberin each of the bits of 
the weight 1 and a binary number in each of the corresponding bits of the 
weight specified by #IJn of the UA, and the result is placed in the same 
bits of the weight 1 of the UA. Numbers in the weight 2, 4 and 8 of the UA 
are reset to zeros at the end of the operation. 
N.B.l. The AC sign and a number in the AC overflow digit are unchanged. 
   2. The #IJn should be ordinarily 2, 4 or 8 which corresponds to the 
      weight 2, 4 or 8. 
    3. If #IJn = 0 or 1, the c(UA)m ... 1 are reset to zeros. 
      If #IJn = 3, 5 or 9, equivalent to #IJn = 2, 4 or 8 respectively. 
I~f #IJn = 6 or 7, the result is equivalent to the OR between the 
results of ~ IAN 00 2 and WAN 00 4.
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552' WOR IJ n "Weighted0R" (0.35 + Ai) 
      c(UA, 1) U c(UA, #IJn) c(UA, 1); 0 —t. c(UA, 2, 4, 8). 
        The OR operation is made between a binary number in each of the bits 
    of the weight 1 and a binary number in each of the corresponding bits of the 
    weight specified by #IJn of the UA and the result is placed in the same bits 
    of the weight 1 of the UA. Numbers in the weight 2, 4 and 8 of the UA are 
ieset to zeros at the end of the operation. 
    N.B.1. The AC sign and a numberin the AC overflow digit are unchanged. 
        2. The irIJn should be ordinarily 2, 4 or 8 which correspondsto the 
- weight 2, 4 or 8. 
        3. If *IJn = 0 or 1, the c(UA)m...1 are reset to zeros. 
          If #IJn = 3, 5 or 9, equivalent to #IJn = 2, 4 or 8 respectively. 
          If #IJn = 6 or 7, the result is equivalent to the OR between the 
           result of ','OR 00 2 and WOR 00 4.
 c-19 
of 
Special Operations  
    The following instructions are described; PSX, SCT, TLU. 
They perform rather complex operations and moreover as a result of the operations 
they modify the address part of the next instruction in sequence 
when the next instruction is read. To distinguish thes;situations,the 
P-indicator (also P-indicator lamp on the console) is set on. The P-indicator 
is set off after the modification of the address part of an instruction and 
at the beginning of the execution of all kinds of instructions. 
860 PSX IJ A "Set Pseudo Index" (0.35 4- Ai ^ Aa) 
    Numbers in the address part of the register of loc.# IJA are read and 
reserved in the address part of the OR for the modification of the address 
part of the next instruction, and for this purpose the F-indicator is set on. 
N.B.l. Numbers which modify the next instruction are not #IJA, but the address 
      part of its contents. This is just the same situationaswherethe number 
      of an index register is referrbd to, but its contents are used for the 
       modification. 
e.g. 1. PSX IJ A 
       ADD I'J' A'
       The effective address E for ADD; E m c( IJA)ad t # I'.J'A' (in modulo 
       10,000). 
e.g. 2 PSX IJ A 
JXR HJ' A' 
       If c(H) # 0, the control jumps to E E c(# IJA)ad t # J'A' (in modulo 
       10,000). 
518 SCT .. - "Shift and Count" (l ,l,.av + Ai) 
     The c(AC) are shifted to the left until a non-zero number appears in 
the m position of the UA. The number of places shifted is counted and 
reserved in the address part of the OR for the modification of the address 
part of the next instruction, and for this purpose the P-indicator is set on.
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N.B.1. The c(UA)v is reset to zero at the beginning of the operation. 
   2. If  c(UA)m 4 0, it should be regarded as a zero-place shift. 
   3. If the c(AC) except the c(UA)v are all zeros, the 22-place shift takes 
      place, so 22 is used for the modification. 
   4. The.AC sign is unchanged. 
    5. Numbers in the index and the address part of the instruction are 
neglected in the operation. 
   6. This instruction is especinlly useful for the heading-zero suppression 
      of the out"put routine, or for the search of positions of a certain 
       pattern. 
360 TLU MJ A "Table Look Up" 
    The c(MD) i (the absolute value) are compared withthe Ic(E)I , ..., Ic(E +i 
...,Ic(BE)I successively (E =VA,  BEE 199 in modulo 200, 0S nE - E K200, 
i = 0, 1, ..., BE - E). If the condition, ic(E + i)I ? 1c(MD)I, is detected for
the first time, this ! + i (not the c(E ^ i)) is reserved in the address part 
of the OR for the modification of the address part of the next instruction, 
and for this purpose the I'-indicator is set on. The loc. E must be in the 
normal access me, :ory of the drum i.e. 0 S c, S 3999. 
       If the above mentioned condition is not detected, the control jumps 
                        the 
to the c(I:). At this tine^P-indicator is not on. 
                                            point N
.B.1. This instruction can be used for both fixed-band nor alized 
      floating-point numbers. 
'2
. The contents of any register , including the clA:-), c(:1), c(E), ..., 
      c(BE) are unchanged. 
   3. For comparison, the fixed point subtraction Ic(E + i)i- I c(i`-0)I is 
      made (at the MQ). The sign of the difference dr:c_ ,er the above condition. 
   4. Special case should be taken for the inclusion of a number in the 
overflow bit of the FAD as well as of the register f loc. E in the 
      subtraction.Thus ic(MD) i or i c(E } i)1.4:2. This m kc s possible the 
      comparison of two normalized floating-point r alers by the 
      fixed-point subtraction. 
   5. A table should consist of 200 words or less, and should be stored in 
      a band ofthe normal access memory of the drum (whose locations are;
      0 - 199, 200 - 399, ..., or 3800 - 3999; 20 bands). 
   6. In a table, words should be ordinarily arranged in ascending
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      order of values. 
   7. The M should be 1, 2 or 3 which corresponds to the IRl, 2 or 3. 
If M = 4, ..., 9, 0 and moreover it is not the case the P-indicator 
      is on, then the operation is equal to NOPo 
e.g.l. A word in a table contains an argument x in its upper half, and f(x) 
      in its lower half.*(An argument x is calculated and is placed in the 
      MD for comparison); The location of the table begins from #JA. 
        TLU MJ A loc (x) --) c(OR)ad 
ADD/00  x, f(x) --0 c(UA) 
      Both x and f(x) are read andplaced in the UA. 
    2. A table of arguments x and a table of functions f(x) are made separately. 
       The location begins from #JA for the arguments, and from #JA +B for 
       the functions; 
        TLUMJ A loc (X) —*c(0R)ad 
ADD/00 B c(loc (x) t B) = f(x) --), c(UA). 
    3. A word in a table contains an argument x at its upper half, and the 
       location of f(x) in its address part. 
         TLU MJ A loc (x) --4 c(OR)ad
PSX 00 0 loc (2(x)) c(OR)ad 
        ADD/00 0 f(x) -- c(UA) 
      The f(x) is rend and placed in the UA. 
    4. TLU MJ A 
RAA/0O 0 loc (x) --'s c(UA)ad 
       The loc (x) is rend and replaces the c(UA)ad. 
    5. TLU MJ A 
SEX HO 0 loc (x) —i c(H) 
      The loc (x) is read and replaces the c(H). 
r_
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                         Chapter 4 
               MAGNETIC TAPE SYSTEMOF THE COMPUTER 
li 1 Introduction 
    In this chapter, the details of the magnetic tape system which is 
connected to the main part of the Computer are presented with emphasis on 
design-features and problems (Ya 3). A brief description of the subject, 
however, was given in a previous chapter in connection with the descrip--
tvan of the computer (Ya 2,3). 
     The magnetic tape system as well as the central processing unit was 
developed and built in collaboration with Hitachi, Ltd. The author contribut-
ed mainly to the system design and the logical design of the magnetic tape 
system, while the constructin of the system was made by the manufacturers. 
The author also co-operated in the adjustment and testing of the system, 
and is now helping in the maintenance of the system. 
    The magnetic tape of the KDC-I is used for the storage of intermediate 
results and is also used for permanent storage of progrmas and data. At 
present the magnetic tape cannot be used as an input/output medium. The 
system includes magnetic tape hadlers and a magnetic tape control unit 
which contains a high speed magnetic core memory. Up to four magnetic tape 
handlers can be connected to the magnetic tape control unit; this unit is 
connected to the main part of the computer. At present two magnetic tape 
handlers are connected and utilized (Ki 2). 
    The magnetic tape system has been attached to the main part of the 
computer since October 1960. The adjustment of the tape system consumed 
almost three months owing to lack of experience until various magnetic 
tape test programs produced by the Kyoto University Programming Group (Ku 4) 
were operated correctly. Thus the adjustment ended in December 1960. How-
ever, some faults were found afterwards and were corrected in May 1961.
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     Since then the magnetic tape system has been in constant  use. The-high
     speed magnetic core memory in the tape control unit is fully utilized since 
      the memory of the main part of the computer is a medium speed magneticdo m 
      memory. 
         The system design of the tape system was carried out as a part of the 
     design of the whole system. The logical design of the tape system was 
     completed by October 1959. Owing to lack of experience and because the 
    manufacture of the system should have been officially completed by March 
     1960, the functions of the system were not made too complex. Nevertheless 
     various trials were made. The main features of the tape systemcan be said 
     to be the concurrent operation of the tape and of the main part of the corn 
     puter, a new block number system which was named a variable block number 
     system (Ya 4) and an instruction system which enables a simple treatment of 
     the dropout problem of magnetic tape. 
         The magnetic tape system of the KDC-I is believed, so far as the author 
     is aware, to be the first successfully operating tape system in a danestic 
L computer. In Fig. 4.1 a view of the magnetic tape system of the KDC-I is 
     shown. 
         The magnetic tape system of the KDC-I is at present a secondary memory. 
    Since the output capability of the computer is weak, it is strongly hoped 
     that the magnetic tape can serve as an input/output medium. However, this 
plan has not been realized mainly for economic reasons. 
         The following abbreviations will often be used in this chapter: 
         CPU : Central Processing Unit or Main Fart of the ;omputer. 
         TCU : Magnetic Tape Control Unit. 
MTH : Magnetic Tape Handler. 
MT : Magnetic Tape. 
CD : Core Puffer or Magnetic Core Matrix P emory. 
         LP : Loadppint of the Magnetic Tape. 
         TE : Tape End. 
        TC : Tape (Parity) Check.
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                                                                                            xx  44, wry 0
                                         1 Fig.4.1 View of the magnetic tape system of the KDC-I. 
        From left to right; the central processing unit and 
        the operator's console, the tape control unit, and
        the two magnetic tape handlers. 
KDC-I ----------TCU -----------1 14TH *1     CPUI CB)  ~------                              ~
~`~ A4TH 4#2  
• NTH #3J 
‘, MTH *4 
Fig.4.2 Block diagram of the magnetic tape system. 
        Dotted lines show the units scheduled for installation. 
CPU; Central Processing Unit, TCU: Tape Control Unit, 
CB; Core Buffer, NTH: Magnetic Tape Handler-
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 4.2  Organization of the Magnetic Tape System 
      Various tape systems were suggested. However, the following system was 
  proposed and, constructed. The main phints will be described in turn. 
 (1) The use of the magnetic tape (YT) whose width is ca. 12.7 ran (1/2 
 inches), with length approx. 1,1;:0 rn (3,600 feet), and which is capable 
 of storing as many as 7,000 50-word blocks. 
 (2) The use of the magnetic tape handlers (MTH) whose magnetic tape opera--- 
 tinn speed is ca. 150 cm/sec (60 inches/sec) in both forward and backward 
 directions, and whose magnetic tape starting and stopping time is approx. 
 7 ms. The A_T I has an channel read/write head and an erase head which is 
 situated approx. 6 mm apart from the read/write head. The main controlling 
 mechanism is cohlposed of an electro-mechanical control mechanism and a 
 pneumatic one. Up to four PTHsmay be connected to the computer; two of than 
  were act:tally made. 
 (3) The biggest problem with regard to the design was the use of "T as an 
 input/output medium. This plan has not been realized mainly for economic 
  reasons. 
 (4) The next important problem was the selectin of the type of a buffer 
storage. Two plans were suggested. One was the use of a portion of the 
 drum memory for buffer storage. The other was the use of the magnetic core 
 matrix memory. The former plan was apparently more economical than the latter. 
N vertheless the latter plan has an important merit. Since the instruction 
 system of the computer is one-and-a-half address system and the memory of 
 the main part of the computer is a medium speed magnetic drum, the problem of 
 the access time of the memory was very serious, even though a delay-line type 
 quick access memory was mrde. Thus by installing a high speed core matrix
 memory, even if the capacity were small, the processing speed of the computer 
 could be expected to become much faster than in the case of the former plan. 
 The latter plan was finally accepted, and a 50-word core matrix was decided 
A
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    upon for construction. The capacity of 50 words is almost a minimum feasible 
    limit for this type of computer and was chosen mainly for economic reasons. 
    (5) The block diagram of the system was thus decided upon to be the one shown 
    in Fig. 4.2 Up to four MTHs can be connected to the TCU, which is then 
    connected to the main part of the computer. At present only two NTHs are 
    connected. The TCU contains a 50-word magnetic core matrix buffer storage or 
    core buffer (CB).. 
    (6) The CB is used not only as a buffer storage, but also as high speed 
    storage registers, whose addresses are from 4,200 to 4,249, and whose access 
    time is 50 yis. 
    (7) The concurrent operation of the magnetic tape and of the main part of 
    the computer should be possible. Thus the processing speed is expected to 
     increase. 
    (8) The rewind operation should be done concurrently with other tape 
    operations. 
    (9) The magnetic tape code should be the same as the paper tape code, 
    though for the time being only numerical characters are used. Thus the design 
    of various off-Line units is expected to become sirs er. 
    (10) Information is written on as a 50-word block mainly bacause the 
    capacity of the core buffer is 50 words. 
    (11) To ensure the reliability of the magnetic tape system, an odd parity bit 
    is added to each character code -('in the case of the magnetic tape system the 
    sprocket is counted as a bit while in case of paper tape it is not counted)
and an even parity bit is added to the end of each channel of a block. The 
former will be called a character parity, and the latter a channel parity. 
         In case of reading, both parity bits are examined. If a parity error 
    is detected, a Tape Check indicator (TC-indicator) is turned on, but the 
    computation does not stop. The state of the TC-indicator can be examined 
    by an instruction. Thus by prograrining various treatments for this situation
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     become possible, e.g., try to read once again, or erase that portion of 
 ?T and so on. 
         In the TCU, the parity and validity checks are made. In the core 
     buffer, every digit has an even parity bit. They are examined when reading 
     and writing. 
     (12) A new block number system which is named a variable block number systen 
      was adopted. Any four-digit block number can be written at the head of a 
50wrord block during the writing operation on the magnetic tape. Thus the 
block number is not fixed on the TT beforehand like other systems. 
     Flexibility concerning the use of the block number is expected to increase. 
     (13) Nine computer instructions are added for the operation of magnetic tapes. 
     Two more instructions are also made for the block transfer of information 
     between the core memory and the drum memory. Briefly the operations of the 
     tape instructions are: Writing, reading, testing, erasing, rewinding, and 
     detecting the tape end and parity error. Under t:as instruction system, it 
     is possible to avoid defective portions of the magnetic tape, to detect the
     file end by using the block number, and so on, by suitable progra ing. 
    (14) The control panel is attached to the TCU, which is used for the local 
     supervision of the operations of the TCU and of the YTHs, the TCU check and 
      local adjustment, though most of the magnetic tape operations can be super-
      vised at the operator's console.
 J 
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    4.3 Magnetic Tape  (MT)  
Various length of T whose width is 12.7mm(1/2u) can be used. Roth 
     ends of the are perforated for the purpose of sensing the load point 
     and the tape end. The speed of the i'T is 150cm/sec in case of reading and 
writing. On the MT, a 50-word block is written as a unit. The block length 
      on the "II is ca. llcm. The inter-block gap is ca. 4cr . The read/write head 
     is expected to be situated in the middle of the inter-block gap when the i T 
     is stopped (21t0.2cm from the end of a block or from the beginning of a block). 
         A standard reel for the 'rTH contains 1,100m(3,600 ft. )of YT, which can 
     store as many as 7,000 blocks or 350,000 words. 
     1. Magnetic Tape Character Coding 
          The same codes as for paper tape are used; however, the arrangement 
     and the variety of codes used are different. The position of the character 
     parity is at the edge of the R'_T. All these codes are written magnetically 
     by the instruction BTP. Since the magnetic tape is used only as an auxiliary 
     memory, not as an input/output at present, 16 varieties of codes are used. 
~.3 In Fig. 4.3 the magnetic tape character coding is shown. 
     2. Layout of a Block on the 1 "agnetic Tape  
          A 50-cord block is written on the ?T by the operation of the instruction 
~.4 BTF. A brief drawing of the layout of a block on the YT is shown in Fig.4.4  
     The information is written in the following way: 
     (1) four block beginning codes. 
     (2) one no-effect code. 
     (3) four numerical codes as a 4-digit block number. 
     (4) one no-effect code. 
~•5 (5) 50 words of information, the arrangement of which is shown in Fig. 4.5 
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 Ec  o 
c .0                                                           fat
et) a 
  cf 0 0 
Weight0 1 2 3 4 5 6 7 8 9+— IImAZ 
H :Parity ^  ^ ^ ^ ----------------------------------- ~ ,   / 
32 G^ ^ 
16 F1 1 1 1 1 1 1 1 1 1 
8 E1 1 1 1^ 
D: Sprocket ^ 1 1 1 1 1 l 1 ^ ^ 1 ^ ^ ^ ^ ^ 
4 C1 1 1 1^^ 
2 B^ ^ 1 1 / ^ ^ 
1A^ ^ ^ ^ ^ ^ ^  ^ \\ 
Fig.4.3-Magnetic tape character coding. 
--------150 mm-----  
                              2020 20
                     1mml`110 mm >Imm                                                           mmmI 
              Eag   Forward—4E1 .M%%%Ad 
                      di LA group of A block gap 
                   6 mm-+50 words A channel-parity code and                                   A block number bl
ock-ending codes 
                                   Block-beginning codes 
Read/Write head -- Erase head 
Fig.4.4-Layout of a block on the magnetic tape. 
   FOrWBrd3 2 P II g v m 10 9 8 7 6 5 4 3 2 Q I I S v m 
                              A word : 14 characters 
Fig.4.5-Layout of a word in the block. 
s: Sign bit, v: Overflow bit, 
                     m: 11th or most significant digit,
                     1: lst or least significant digit,
                        ": Word-ending mark. 
I.
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     (each word is terminated by the word ending mark  "). 
     (6) one no-effect code. 
     (7) a channel parity code; in each channel, the number of 1's is made even 
by this code. 
      (8) after these seven kinds of codes, four block ending codes are written at 
     the end of a block. 
          The block beginning codes and the block ending codes are used for 
      controlling the movement of the MT. 
          The block number and the sprocket bits are not written beforehand, but 
      are written at the time of the operation of the instruction _F;TP. Any 4-
      digit block number can be written. The block number is used for the search 
      and the confirmation of a block in programming. 
     3. Read and Write Operations  
          An 8-bit code of each character is written simultaneously through an 
      8-channel read/write head of an iTI-I with a density of 64 characters per cm 
     by the biased NRZ (Non- eturn-to-'~ero) method. The principle of this method 
.06 is illustrated in Fig. 4.6. The erase head erases the FT and sets its magnetic 
     flux - 0; the current in the read/write head flows as shown in Fig 4.6 (1). 
     Then the magnetic flux of the FT becomes as shown in Fig. 4.6 (2) ; the flux 
      is changed only when "1" is written, and is unchanged whentlO" is written. 
when reading information from the 'T, the derivative of the flux is 
      detected at the read/write head, the polarity is rearranged, and the wave-
-7 'Toren_ is reshaped, as shown in Fig. 4.7. 
          The information density per channelis thus 6.4 bite / 7.1n, or 3.2 
pulses/mm, while the speed ofn read/write operation is 9,600 characters/sec. 
      Since those operations are performed through one read/write head and one 




       Current 
         in
    the R/W head 
Example of an information series in a channel 
     (1)totttot000tttootltt 
        nnnnnt 
                    A (2) 0 - - — -
 Magnetic flux _The corresponding 
 of the ° 1position of the 
 magnetic -0 ---------- — --L-- - ------ magnetic tape 
 tapeReset to -0 
                  by the erase head 
Fig.4.6 Principle of the write operation. `y 
                                  Example of an information series 
                                  in a channel 
      (1) Magnetic flux 1 1 0 1 1 1 
of the0 
    magnetic-------------------------------' Length 
           tape 
      (2) Read-out 
       0AAt             voltage at the
Ur'-----------------------------           R/W head                                         1
~1\       (3) Arrangement 
      of the polarity 0- t 
   (4) Reshaped 
o  n n n   outputYt 
1 1 0 1 1 1 
Fig.4.7-Principle of the read operation.
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    4.4 Magnetic Tape Handlers (MTHs)  
          An MTH is a mechanical device in which a reel of :.'.T is placed and used. 
     The main parts of the , `TH are a controlling mechanism, a read/write head, 
     an erase head, a tape-end (TE) detector, a load-point (LP) detector, the 
     file protector, and the ready indicator. The controlling mechanismis
     composed of electro-mechanical and pneumatic ontrol mechanisms. 
          The position of the ?.T is shown schematically in Fig. 4.8. 
          The movement of the :;T is controlled automatically by the computer, 
     but if necessary it can be controlled manually at the MTH. Both ends of the 
PT are perforated for the purpose of sensing the tape-end and the load-point 
     of the IT, and are detected by the TE or LP detector, and if detected, the 
     movement of the YT is automatically stopped in any case. 
In either forward or backward motion of the MT, the MT is driven at 
     the constant speed of 15mcm/sec except for a few milliseconds while start-
     ing and stopping. In the case of the rewind motion of the MT, the MT is 
     rewound to its load point, and the motion cannot be interrupted if once
     initiated. The time needed for the rewind depends upon the length of the 
ET to be rewound, but roughly, the average speed of the rewind is roughly 
     assumed to be three times faster than the ordinary 150cm/sec. 
14.5 hagnetic Tape Control Unit (TCUj 
         All magnetic tape operations are controlled mainly by the TCU. The 
     magnetic core memory in the TCU is used as a high speed memory whose loce-
     i-to n are from 4,200 to 4,249, and also as a buffer storage for reading and 
     writing operations of the magnetic tape. 
          If an instruction concerning the magnetic tape operation is decoded 
     by the main part of the computer, it will be transmitted to the TCU, and 
     the execution begins under the control of the TCU; the computer takes the 
     next instruction in sequence and proceeds from there .conc Tently if the
 ,ot - t 2 
      Left reelRight reel 
     (Supply reel) (Take-up reel) 
       o)                             914
- 
       
,Taen (L-;),"7."1 
               R/4+1heacC TE-detector ^4- LP-detector 
Backward ErasetForward 
                                    head 
  Rewind fSide of magnetic 
                               coating 
             Magnetic tape in the pneumatic buffer 
Fig.4.8-Position of the magnetic tape in the MTH 
mechanism (A front view).
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     instruction does not refer to the TCU or the MTH under operation. If this 
     is not the case, the execution of the next instruction i; delayed until 
fin71.shes 
      the execution of the former instruction^. Therefore by suitable programning 
       it is pbssiblle to increase the processing speed. In programming, however, 
      instructions should be regarded as executed one after another in sequence. 
          In Fig. 4.9 a block diagram of the TCU is shown. Each sma71 block 
      in the diagram is classified according to the function it performs. Thus 
      the name which is given to each block represents one of the following: 
      the name of a function unit, a register or an indicator, or the function of 
       a block. 
          The details of the TCU are now explained; most of the functions of 
      the blocks are also described. 
      (1) The same.type of transistorized dynamic flip-flop circuit used for the 
      CPU is also used for most of the circuits in the TCU, because it is simple 
       to connect the TCU to the CPU, the logical design can be done in the same 
       way, and moreover there was little time available for developing a suitable 
      static circuit. However it was foreseen that the use of static circuits for 
       the whole TCU would have simplified the logic circuits. 
      (2) The CB has the capacity of 50 words with 50}is (or one-word tune) access 
time. One word(or 12 decimal digits) has 60 bits since each digit has a 
      parity bit. The actual CB is of a current coincidence type and consists of 
-,„ 4 
      100 30-parallel-bit words with 17jzs access time, and for 60 bits of 
      information two cycles are used. The structure of the core matrix is of 
4)(25  (address) X 30 (parallel bits), with five 4X25  matrices constructed 
      in each plane; thus six planes are used in all. The S-1 type ferrite cores 
      of the General Ceramic Co. were used since domestic cores did not fully
      satisfy requirements at the time of the design. 
      (3) The selection of a particular YTH out of the four YTHs is made by using 
      reed relays whose operation time is of the order of a fey :a;illiseconds.
 f  
I 
CPUTCU    
r--------------------------Az ---------------------- ------- No.N MTH busy-indicatorlI\No.N TE-indicator 
(N=1,2,3,4)J,----(N=1,2,3,4) J~ If 
---- TCU busy-indicator ) ------.( TC-indicator  i (Detector of 
t------------------------ MTH ready, 
                                               MTH controlload point, 
          /(forward , backward, tape end, 
TCUMain control Parity rewind, erase ,rewinding connect/ -----.-(receive tape check etc.) state,etc. 
disconnectinstructions,--------------- __4___10 MTH No.11 
                             PAC -------------------- switchetc.) Jump skip Output format                                                                           MOM 
i------- control jcontrolMTHGNEMi  MTH No.2  -------- End of I'  (NRZ,etc.) selector 
      operations IOMMEN4 MThNo.31 ---------
J ------------------------------VIII 
---------------------
I----------------DRuftftaill MTH No.4                                 (one word) Noise suppression                          
t---------------\ -------and skew correction --------- Parity &~ _1`\Block 
        
Ivaliditynumber 
      checktest  
f  
     ARCB _  CB adjustmentII.                                 (50 words) 
1(2 digits) 
Fig.4'.9-Block diagram of the ?CU of the KDC-I. 
                             CPU: Central Processing Unit, TCU: Magnetic Tape Control Unit, 
                            MTH: Magnetic Tape Handler, CB: Core Buffer, DR: Distributor 
                             Register, AR: Core Address Register, TE: Tape End,
                               NRZ: Non-Return-to-Zero form of output signal. 
4,4>: Information, H : Control signals. 
                                                                                                 SI-
                                                                                                                                                                                --F
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      At present there is no problem concerning the noise and life of the relays.
       However, the use of an electronic switch would be better from the standpoint, 
       of the above mentioned factors though the use of mechanical relays for this 
       circuit are more economical even at present. 
(4) There are two important registers in the TCU, i.e.,a. Distributor 
      Register (DR) and a Core Address Resister (AR). All information read from 
       or written to the magnetic core memory or the magnetic tape memory is stored 
       temporarily in the DR. The DR has 12 digits, the capacity of a word. 
Moreover each digit has a parity bit. The main function of the DR are the 
       series-parallel conversion and the buffering action between the tape andthe 
       CB. The even parity and the validity of the code are examined at the DR,
       and since all information flows in the DR, error checking for the operation 
      of the CB is made by this checking circuit. 
           The AR is used to specify the location of the core memory. Since it 
       is used only for the 50-word core memory, the AR has a 2-digit capacity, and 
       the two least significant digits of the core location are stored in the AR.
       The validity checking is also made here. 
       (5) The output format is controlled in the TCU. The NRZ (Non-=return -to-
       Zero) signal is generated by flip-flops in the TCU, transmitted to the rTH, 
       amplified and reshaped in the T NTH, and written on the MT. 
           The even channel parity code at the end of a block is made by reset-
      ting the final state of the flip-flops since the flip-flops are modulo 2 
       counters._ The odd character parity on the even channel parity is realized
       by arranging the number of characters in a block. All these check codes 
       are examined in the case of reading. Characters are written at the fate of 
9;4OO.characters/sec., that is, in every 1O4 is (in every two-word time) 
        character is written. 
4.10 (6) In Fig. 4.10 the input circuit of a channel in the TCU is shown. There 
        are eight such input circuits in all. The read-out signal from the read/
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 write head is amplified and reshaped in the P^TH, and then transmitted to the 
 TCU by a coaxial cable (RG 58 A/U and less than 10 meters long). After pass-
  ing the relay MTH selector circuit, the signal is applied to the basic logic 
  circuit of the computer. Then the duration of the signal or pulse is measured 
  by the counter or the logic circuittSAi and SDti. If the pulse count is
  greater than 4 or the duration of the pulse at the output of the amplifier 
  exceeds approx. 17.4pts , the pulse is recognized as a signal and temporarily 
  stored in IRi, otherwise it will be recognized as a noise. The circuit is 
  a sort of a digital integration circuit used for the suppression of noise. 
  Since there would be a time displacement error among the timing of signals 
  in each channel, and skewness of the NT would probably cause a great deal of 
  error, the output signal from the sprocket channel which is in the center of 
   the 1 .T is used as a reference. 
       Since the signal comes approximately once 'n every 104p.s , and the sigaal 
  at the IBi must be read into the DR in synchronization with the timing of the 
  DR,the signal temporarily stored in the IBi should be tranferned to another
  temporary storage TRi which functions as a synchronization buffer. The 
  transfer timing BTR is given 50ps after the sprocket signal is detected at 
  the output of the noise suppression circuit. Thus the permissible time 
displacement error is 40 ?s with reference to the sprocket signal. rore-
  over the permissible limit concerning the instantaneous compression of the 
  timing of the signal is approx. 60ps . Any degree of expansion of the
  timing is permissible so far as the time desplacement error is within 
  this range. The signal in the TRi is transferred into the DR with the 
  necessary timing, say, Tx as is shown in the figure. 
  (7) Parity checking is made on all information which is utilized. For example 
  in the case of the instruction T3LS or Block Search, the character parity of 
  all block numbers tested is examined in addition to the parity check of the 
  object block. If parity error is detected in case of reading, the TC-indica-
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for is turned on, but.the computation does not stop. 
     If parity or validity error is detected at the DR at the time of reading 
information from the FT, the TG-indicator is also turned on. Fcept in the 
 above crse, the error will cause the computation to stop. 
     The channel parity is examined by the same flir-flops which are used 
 for making the NRZ output signal, i.e.,counting the input signal in modulo 
 2 fashion. 
(8) The concurrent operation of the CPU and the TCU is performed by 
 introducing two kinds of busy-indicators, i.e.,a TCU busy-indicator and 
 No.N MTH busy-indicators (N=1,2,3,4). By most of the tape operations,both 
 TCU and I•'TH busy-indicators are turned on. But in the case of rewinding the 
P;T, only a particular t'TH busy-indicator is turned on. 
 (9) Since the TCU has rather an independent control function, it was easy 
 to add an adjustment ydircuit. In the main control circuit of the TCU there 
 are several flip-floTj which receive the tape instructions from the CPU. 
 It was made possible to trigger these flip-flops manually at the control 
 panel. Thus in case of local adjustment, most of the magnetic tape instruc-
 tions can be executed by depressing the corresponding buttons on the panel. 
     The CB adjustment circuit was also attached to the 'CCU. The function 
 of the circuit is to res•_t the contents of art core rr.emory, read all contents 
 repeatedly, write all zero, all ones, or else two of the very unfavorable 
 patterns into the core memory (when reading, the S/N ratio is believed to 
 become low). 
     Thusmost of the adjustment of the CH and the tape operations can 
 be done at the TCU control panel. This function of the TCU has actually 
 been utilized since the''CU was constructed and it had to be adjusted with- 
 out the CPU after the CPU was installed at the ''niversity. 
                                                                         4•
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4.6 Magnetic Tape Operations  
    The reliability of the  NT was till an unknown factor at the time of 
the design. However it could easily be forseen that there would be some 
defective spots on the PIT and that the number of such spots might increase 
during use. 
    Thus after writing, the information on the NT should be tested (parity 
checking), and, if error is detected, that portion should be erased. 
    Nine instructions are added to the computer for the operation of the 
MT. Two more instructions are also made for the block transfer of information 
between the core re-nor-- and the dram. memory. 
Block number  
     A new block number system was ado-ted in which any L,.-digit block number 
can be written at the time of wring information on the Since block 
number is not fixed on a particular portion of the LT an( can be changed if 
necessary, this block number system was called a variable block number system. 
    This system can be applied in the following way:- 
(1) Sequential numbering is possible. 
(2) Index number of data or a number converted from the original index nw ber 
is used as a block number. For example the storage of subroutines can be 
made in this tray. 
(3) The use of the MT as an addressable memory can be performed by writing 
suitable block numbers on the NT beforehand. The sequence of the numbers 
can be selected arbitrarily. 
(4) The use of a certain number as a special control code is possible. 
(5) 4 quick access memory can be realized by storing the same information 
with the same block number on several portions of the 7T. 
(6) If a portion of NT becomes defective, it is ossible to rewrite the 
s:cre information on another rood portion of the MT without changing the 
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block number.
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Details of the operations of the magnetic tape instructions  
    The definition of the operations of the magnetic tape instructions 
is now given. The numerical code, the symbolic code, the tit le of an 
instruction, and the operation time in ms are written first. The instruction 
system of the KDC-I is one-and-a-half address, consisting of a 3-digit 
function part and a two-digit index part (which is used not only for the 
specification of an index register, but also used for the specification of 
the number of the iTTH), and a 1-digit breakpoint part, and a 4-digit address 
part. 
     The operation time is unchanged whether or not .the modification of the 
 address of an instruction takes place. The time for the modification is
included in the operation time. For the instructions which permit caacurrent 
operation, the time needed for the CPU is written first, the time needed 
for the TCU second, and the time needed for the } TH third. Ai stands for 
the instruction access time, and ?,a the data access time. The symbol # is 
used to show the modification of an address. Other symbols and abbreviations 
used are coLmonly accepted one, however, full details can be found in the 
previous chapter. 
     Then the definitions follow, and some notes are added if necessary. 
                                                                      a•
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910 BTP NJ A "Buffer to Tape" (0.45 + \i; 220ms) 
    The erasure of the MT of the MTH specified by N begins, and the ? T is 
started f oru and . A block number it JA and 50 words in the core memory are 
written as a block on the successively erased portion of the ''T. 
Next the MT is stopped and the erasure is also stopped. 
N.B.1. The execution of the instruction is delayed until the TCU and the 
No.N MTH busy-indicators in the "aa" state by previous instructions 
       are restored to the "off" state. 
    2. After 0.45 ms from the beginning of the execution, the next in-
       struction in sequence becomes operative concurrently. during the 
       operation, the TCU and the No.N MTH busy-indicators are on, i.e.
       for 220ns. 
3. If the No.N TE-indicator has been on, the operatinn is equivalent 
      to POP. If the No.N TE-indicator i E set on during the write o' er-
       ation, the PT stops only after finishing the operation. 
L. If the MT starts from its load point, the writing of information 
       begins after the I:T leaves the load point. 
936 ETP N. - "Breese Tape" (0.45 + Ai; 220ms) 
     This instruction erases the I'T for the length of a bloc'k,nd an inter-
block gap. 
Y.B .1 . The same operation, as that of BTF is done except that this instruction 
       does not write on the MT. Thus only erasure takes place. 
912 TPB NJ A "Tape to Buffer" (17. t Ai; 220ms) 
     The AT of the MTH specified. by N is started fortirard. The necrest block 
is to be read. A block number is read and compared zrith #JA, and if it is 
equal, the control skips the next instruction in sequence; if it is not equal, 
the sequence is normal. The next instructior in sequence becomes operative 
concurrently from this tire on (ap'nrox. 17 ms from the beginning of the 
execution). A block of informaticn is read and stored in the core memory. 
Next the I' is stoppp.,ed . :Airing the operation, the TCU and No.N MTH busy-
indicators are or i.e., for 220ms in the usual case. 
     If errors in the character parity and the channel parity are detected,
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     the TC-indicator (and the lamp on the console) is set on, but the L'erputa -
tarn does not stop. 
N.B.l. The execution of the instruction is delayed until the TCU and the 
No.N MTH busy-indicators in the "on" state by previous instructions 
            are restored to the "offU state. 
         2. If the No.N TE-indicator hasbeen on, the operation is equivalent to 
NOP. If the No.N TE-indicator is set on during the read operation, 
            the operation is still performed as usual. 
         3. If no block can be found, the computersearches until the tape end 
            is detected, and the operation becomes NOP. 
     914 BLS NJ A "Block Search" (0.45 + Ai; lO( + 120ms) 
          The YT of the NTH specified l:y N is started forward. A block whose 
     block number*JA is searched for reading. Each block number is successive-
     ly read and compared frith #JA, and when a block number equals #JA for the 
     first time, this block of information is read and stored in the core memory. 
      Next the NET is stopped. 
          The character parity is examined for all the block numbers which are 
     read and compared. The character parity and the channel parity are eras inert 
     on the block information whose block number is #JA. If parity error is 
     checked, the TC-indicator (and the TC-indicator lamp on the console) is set 
     on, but the computation does not stop. 
1J.B.1. The execution of the instruction is delayed until the TCU and the 
            No.N MTH busy-indicators in the Hon" state by previous instructions
             are restored to the "off!' state. 
          2. After 0.45 ms from the beginning of the operation, the next instruction 
             in sequence becomes operative concurrently. During the operation,
             the TCU and the No .N YTE busy-indicators are on.The time needed 
            depends upon the place of the block-, and in roughly equals to (10Qns )„ 
            (a number of blocks passed under thee,eading head.) t 12 Qns . 
3. If the TE-indicator has been on, the operation is equivalent to ; CF. 
             If the TE-indicator is set on during. the readi rd: of the object bloc'.:,
             BLS is performed as usual. 
4. If no object block can be found, the instruction searches until the 
             TE is detected, and the operation becomes NC?. If the computer
            fails to detect the block, it is often useful to depress the HALT 
             button and the TE-button. on the console, then the current as opera-
             tion becomes HOP and the computation stops.
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934 TTP N. - "Test Tape" - (0.45 + Ai; 220ms) 
    The MT of the MTH specified by N is started forward. The nearest block 
is read only for checking the character parity and the channel parity without 
storing the information in the core memory. The MT is then stopped. If 
parity error is detected, the TC-indicator (and the lamp on the console) 
is set on, but the computation does not stop. 
N.D.l. The same notes as for TPB (N.B.1,2,3) are applicable. 
    2. After 0.45ms from the beginning of the execution, the next instruc-• 
       tion in sequence becomes operative concurrently. During the operation, 
      the TCU and No.N MTH busy-indicators are on (ordinary ca.220ms). 
D2 BST N. - "Back Space Tape (0.45 t Ai; 220ms) 
    The NT of the MTH specified by N is started backward. The nearest 
block is read backward only for checking the character parity and the 
channel parity without storing the information in the core memory. The 
NTH is then stopped. If parity error is detected, the TC-indicator (and 
the lamp on the console) is set on, but computation does not stop. 
N.B.l. The execution of the instruction is delayed until the TCU and the 
       No.N 1'TH busy-indicators in the "on" state by previous instructions 
       are restored to the "off" state. 
    2. After 0.45 ms from the beginning of the execution, the next instruction 
       in sequence becomes operative concurrently. During the operation, 
       the TCU and the No.H NTH busy-indicators are on (ordinary approx. 220ms) 
    3. If the MT is at load point, the operation is equivalent to NOP-
       Durin,g the BST operation, the load point is never detected (c.f. 
N.B.5 of BTP) in the usual case. 
    4. If no block can be found, the computer searches until the load point 
       is detected, and the operation becomes NOP. 
    5. As a result of the beckward motion, the No.N TE-indicator is turned def. 
93o PtWD N. - "Rewind" (0.45 + Ai; 20ms; ay. approx. 450cm/sec) 
     This instruction causes the 11TH specified by N to rewind the IT to its 
load point. 
1 I.B.1. The execution of this instruction is delayed until the TCU and 
No.N 11TH busy-indicators in the "on" state by previous instruct ions 
        are restored to the ''off" state.
 d 
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   2. If the T_T is at load point, the operation is equivalent to TIOP. 
  3. As a result of the backward motion, the No.N TE-indicator is turned off. 
   4. After 0.45ms from the beginning of the execution the next instruction 
      in sequence becomes operative concurrently. After approx. 20as (= tire 
     for TCU busy) from the beginning of the excution, T`TH other than No.N 
      can be used concurrently. 
   5. The time needed for the rewinding of the 1^'T  (= tilr:e for Ido.N NTH busy) 
     depends upon the length of the YT to be rewound. As a very rah 
      estimate, the speed of the rewind is about three tiires faster on the 
      average than the ordinary 150cm/sec. 
950 JTG .J A "Jump on Tape Good" (0.45 F Ai) 
    The control jumps to loc.#JA if the `1'C-indicator is off (the I1T is 
supposed to be good), otherwise in normal sequence. The TC-indicator is 
turned off at the end of the operation. 
i;.B.l. The execution of this instruction is delayed until the TCU busy-
      indicator in the "on" state by previous instructions is restored to 
       the "off" state. 
    2. The time needed for the execution is 0.45ms. 
952 JTE NJ A "Jump by Tape End" (0.45 t Ai) 
    If the TE-indicator of the }TH specified by N is on, the control jumps 
to *JA, otherwise in normal sequence. The TE-indicator is not affected by 
this instruction. 
N.B.l . The execution of this instruction is delayed until the TCU busy-
      indicator in the "on" state by previous instructions is restored to the 
."off" state. 
    2. The time needed for the execution is 0.45 ms.
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  920  DMB .J A "Drum to Buffer" (2.90 + Ai + Aa) 
     c(E), ..., c(EL)--,c(4200), ..., c(4200 + EL - E). 
     E = *JA, 0 < EL - E< 50, and EL = 49 in modulo 50.
       The c(E) replace the c(4200), ..., and the c(EL) replace the c(4200 + EL 
   - E) . Thus a group of words is transferred to the core memory from the drum 
   memory (both normal and quick access bands). 
N.B.l. Contents of registers other than the c(4200), ..., c(4200 + EL - E) 
           are unchanged. 
      2. If 4200 < E S 9999, zoros replace the c(4200), ..., c(4200 + II. - E). 
       3. A number in the Xx part is neglected in the operation. 
       4. If the core memory has been busy with some tape operations, the execution 
          is done after the busy-indicator is off. 
   922 BIB; .J A "Buffer to Drum" (2.90 + Ai + Aa) 
     c(4200), ..., c(4200 + EL — E) — c(E), ..., c(EL). 
E = #JA, 0 < EL - E < 50, and EL E 49 in modulo 50. 
       The c(4200) replace the c(E), ..., and the c(4200 + EL - ;,) replace the 
c(EL).  Thus a group of words is transferred to the drum memory (both normal 
   and quick access bands) from the core memory. 
N.B.I.. Contents of any registers other than the c(E), ..., c(EL) are unchanged. 
      2. If 4200 < E < 9999, the operation equals NOP (514). 
       3. A number in the `:x part is neglected in the operation. 
       4. If the core memory has been busy with some tape operations, the exe-
          cution is done after the busy indicator is off. 
M
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4.7 Conclusion 
    The details of the magnetic tape system of the  1  DC-I have been describ-
ed with emphasis on design features and problems. 
    In spite of the difficulties at the time of the design of the sy3 term, 
the coruleted magnetic tape system is satisfying the required functions and 
is utilized almost daily at the i-:yoto University Computation Center. r, 
large scale probleo: was solved by using the magnetic tape system for more 
than one hundred hours. 
     Several comments obtained from the experience of designing and the 
operation of the system should now be added. 
(1) The time displacement error is corrected to a satisfactory degree in 
the input circuit of the TCU; thus it did not create any trouble. 
(2) The variable block number is utilized in various ways. 
(3) The repertory of tape instructions is .not very rich, however, it is 
almost enough for this type of computer. 
(4) Since the 11TH has an erase head and all portions of the FT are erased, 
high tolerance of the deviatinn of the relative position of the read/write 
head and the 1,T can be permitted, thus a better 3/N ratio for read-out 
signals can be expected. 
(5) In actual operating experience, parity checking hasbeenfound to be 
very reliable. 
(6) A two-gap head in which one gap of the head is for writing and another 
for reading should be used for better operation.In case of this system 
information is written in forward direction of the NT and tested bac'ii;arci, 
and so on. Thus the operation of the system sometimes very much resembles 
a life test of the NT and the MTH in many cases. 
(7) The block beginning and ending codes are used as an information for 
stopping the i T. But it would be better to use the infor ..ation, 'the KT is 
started", and "information is no longer read out/t, for this iurpcc e .
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t8) The number assi^ned to the MTH cannot be changed by the switch in 
this system. But is has become clear that this is more inconvenient than 
was foreseen. 
(9) The length of the MT between the read/write head and the tape-ernd 
sensors is not constant since there is a pneumatic tape buffer bett'reen them. 
It would be more convenient if this length could be kept constant. 
(10) The MT is stopped ca. 20Qns after the tape end is detected by the 
use of a time-delay relay circuit. Thus it is possible to write normally 
if the tape end is being detected during writing operations. But it would 
be better if the MTH could detect these two stages of tape end in relation 
to a certain fixed position of the MT. This and the former items are, how-
ever, not so important since tape ends are rarely used because of a strong 
probability of damage during handling of the tape. 
(11) A large percentage of the starting and stopping time of the MTH (7ms) 
consists of the operation time of the relays in the MTH. It 1uld be 
possible to achieve a much higher operation speed of the MTH. 
(12) Many relays are used in the MTH, some of thorn at a rather high current 
level. The micro-relays at the pneumatic tape buffers are operated very 
often; moreover the life of the relays of this type is not very long. 
most of the difficulties occurring during the operation of the systen have 
been caused by malfunction of the relays. It is strongly recommended that 
an electronic circuit should replace them. 
(13) It is true that almost all kinds of presently available !THs are not 
satisfactory from the standpoint that the MT should not be damaged by the 
malfunction of the MTH, though this is rare. There are indeed many cases 
where an MTH handles an IT whose contents are hard to reproduce. 
(14) The shielding of the read/write head and the relay circuits had to be 
done well beforehand. It can be said that the adjustment of the system 
began with the work of suppressing noise and ended with the same work.
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(15) The  use of suitable static circuits would have been more economical 
than the use of dynamic flip-flop circuits in the TCU. The main reason 
for this comes from the difference between the operation time needed for 
the control of the MTH from the operation time of the dynamic flip-flop 
circuit.
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                            Chapter 5 
                       INITIAL READ-IN ROUTINES
         There are various types of computers concerning the methods of loading 
    programs.  Some computers load programs by a built-in function of the
    machine, while others by the aid of an initial read-in routine which has 
    been stored in the memory in some special way. The KDC-I is that type of 
    computer which loads programs by using an initial read-in routine. Various 
    routines for this purpose can be considered. However, a 7-word routine 
    has been selected as the standard routine. Input Routines of much complexity 
    such as assemblers are read into the computer by this initial read-in 
     routine. 
         Since at the very beginning an initial read-in routine can not be read 
    by another initial read-in routine, it is read and stored manually at the
    operator's console. In the case of the KDC-I, this manual procedure of reading 
A6 
    the initial read-in routine is not very simple, requiring about twenty to 
    thirty button-pushings. Various procedures have been suggested, and at one 
    time Professor T.Kiyono who is a head of the computation center suggested
    offering a prize to the one who succeeds in minimizing the steps of his 
     procedure. The author had suggested a somewhat simpler procedure. Professor 
    T.Kiyono then has devised a much simpler one. Assistant Professor S.Hoshino 
     also presented a simpler procedure. Finally the author has suggested the 
    most simple procedure and gave a proof that it is a minimum one. 
         The initial read-in routine, though its proceeure of loading might be 
    tedious, is retained in the Storage Registers if it is once stored unless 
     someone destroys it with a faulty program. Thus there might not be an
     important practical meaning even if one could devise a simpler procedure. 
    Moreover the author does not fully grasp what meaning exists in a thorough 
    investigation of this problem, but still thinks it would be important in the
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studies of automata. 
    In this chapter, the standard initial routine is explained first. 
Various procedures of reading the initial read-in routine are then given. 
Finally the  minimum procedure is presented.
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   5.1 A  Standard Initi.^1~~:ead-i~ } outiiie (_LDIIc) 
        At the time of the der>ic-n of the coanu.ter v' pious initial reed:-in 
   routines were considere.. However, the following in_ti-1 read-in routine 
   is currently use as a standard routine;-
  Instruction;yc holic Instruction Instructions in the 
LocationFunction Index Ahuress 5torac'e `  e ;esters 
0000I~I;~ 00 1467? COO C .,C14 
uu01PTO 00 23OO COO 0 h002 
 0002( any ) ( any ) 
 0003J1K P 00 0 714 000 0.0000 
 0004?IN/ 00 14 633 000 0 0014 
0005STO 10 0 300 100 0 0000 
0006JXFt 10 4 852 100 0 0004 
Asthe name of t'hi: routine, I`Ih is often used in this chapter. 
`y Since at the very beginning an initial read-in routine cannot be read 
   by another initial read.d.n routine, it is read and stored D<anuallyat the 
   operatorts console. Prograxaers can suppose that the standard initial 
   read-in routine is a hart of the computer and has been stored in the Storage 
".egisters (Shs) ,chose locations are from 0 to 6. 
        The instruction from which the cox ,uta.tion starts can be decicf,e from 
   the contents of the Instruction Location Counter (LC). Any number can 
   be placed in the LC by the execution of the instruction JIF at the console. 
   If zero is placed in the LC and the computation is started, ti-le program 
   proceeds fror.; there. There are various -ys to utilize this routine. 
   Since this is a readin routine, this routine reads and stores some other 
program .
The following situation is considered;- A program should be read and 
   stored in the SRs whose locations start from J, and the program should be 
   instantly sta rte ` from loc . T. The program' t ca..7)e should be prepared in the 
   following way;- 
  (1) 0 d 
  (2) 830 100 w s " (SEX 10 3)
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(3) 4 d 
(4) The program 
(5)  T  d 
     The computation of-the.initinl read-in routine begins from loc.0, or 
by the instruction RIN/, since Od is read, the control jumps to loc.0 in 
any case. 
(i) By the instruction in loc.0, the instruction "SEX 10 S"" is read into 
      the UA. 
(ii) By the instruction in loc.1, this instruction in UA is stored in the 
loc.2. 
(iii) By this newly stored instruction "SEX 10 S", S is placed in the IR 1. 
(iv) By the instruction in loc.3, control jumps to loc.0 again. 
(v) By the instruction in loc.(,), 4d is read, and control jumps to 
        loc.4. 
(vi) By the instruction in loc.4, the first word of the prograxl is read 
      into the UA. 
(vii) By the instruction in loc.5, this word in UA is then stored in the 
      location specified by the c(IR1) . 
(viii) By the instruction in loc.6, the c(IR1) is increased by one And the 
       control jumps to loc.4 once arain. 
(ix) This process is repeated until all of the words in the program are 
read and stored in consecutive locations. 
(x) By tie instruction in loc.4, Td is rend. and control jumps to loc.T. 
(xi) The program then starts from there inst^ntly. 
From the above discussion, the first part of the initial read-in routine 
in loc .0 -3 is a routine which -performs the computation of 
instructions on paper tape. The second part of the routine is thus the corm of 
the read-in routine by the .aid of the IR 1. Since the instruction IN can read 
an instruction, a fixed or a floating point number by the aid of the special 
characters or the TCC, the core of this routine requires only three instructions, 
which can be considered one of the simplest routines of this kind.
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    5.2 Various hethods  of Reading the  Routine  RDIN 
         Before describing various r.ethos, it is necessary to describe those 
    functionsof the operator's console which have a relylion to this problen. 
    Any instruction of the computer can be set and executed manually at thr 
operator's console. An instruction r ors! is prepared by setting the REGISTER 
    SET buttons (or switches) in the middle of the panel of the console. But 
    before setting an instruction in .,he OR (Order Register), the computer must 
    be in the state of HALT (confirm that the HALT lamp is on). By depressing 
   the OR CLEAR button and next depressing the OR SET button,the 
    instruction can be set in the OR. If the SS button at the 10wEr right of the 
panel is then depressed, the execution of the instruction takes place. 
If the START button is depressed, the computer takes the next instruction 
b 
    from the Storage Register (SR) whose location is specified by the c(LC), and 
    proceeds from there. 
Therefore it is possible to read any instruction to the UA by the 
manual execution of the instruction 'ERIN/". It is also possible to store 
    the c(UA)at any position in the SRs by the manual execution of the instruction 
    1. A Primitive P- ethod  
Since any instruction can be read and stored in ary position in the 
SRs by the -.a_nual execution of tha proper instructions, eac?' instruction 
    in the stand,Jrd initial read-in routine RDIN can be read and store( in each 
    corresponding location by repeating the above process. Thus the details of
    this method is as follows;-
    The necessary program tape  
         The followin r oror„r tape should be prepared and place' in the input 
     unit. 
       (a) 633 000 w 14 ” (1IN/ 00 14 ) 
       (b) 300 000 w 2 " ( STO 00 2 )        
c) 714 000 w Q " ( JY P 00 0 )
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 (d) 00 100 w 0 " ( STO 10 0 ) 
    (e) 52 100 w 4 " ( JXR 10 4 )
    Next the following instructions should be executed manually at the 
console. Instructions are written using the symbolic codes. 
The manual operations and remarks 
    (1) RIN/ Ott 14 c(UA) _ (a) 
    (2) STO 00 0 c(0) _ (a)
    (3) STO 00 4 c(4) = (a) 
    (4) RIN/ 00 14 
    (5) STO 00 1 c(1) _ (b) 
    (6) RIN/ 00 14 
    (g(7) STO 00 3 c(3) _(c)     ) RIN/ 0 14 
    (9) STO 00 5 c(5) = (d) 
    (10) RIN/ 00 14 
(11) STO 00 6 c(6) = (e) 
     This method reouires therefore eleven steps of manual execution of 
instructions. Thus this method is obviously tedious. To reduce the trouble, 
                                         has been 
the following method had been suggested and.^ used at the Computation 
Center for sore time.. 
2. The HH Method  
Since this method was suggested by Professor H.Hagiwara, the above 
name is given to this method. 
      The necessary prograr. tape and the manual operations required for the 
loading of the routine RDIN are as follows. Remarks are also given for 
 convenience in understanding the operations. 
The necessary program tape 
(a) 633.000 w 14 ( RIN/ 00 14 ) 
    (b) 300 010 w 0 " ( STO 01 0 ) 
    (c) 852 100 w 4 " ( JXR 10 4     
d) 714 000 w 4 ° ( J1p 00 4 
    (e) 830 100 w 0 " ( SEX 10 ) 
    (f) 714 000 w 4 " ( JMP 00 if )
   (h5633 000 w 14 "(RIN/ 00 14 )
    (i) 300 000 w 2 " ( STO 00 2 ) 
    (3) 710 000 w 0 " ( HJM 00 0 )
    (k) 714 000 w 0 " ( JN P 00 0 )
  (1) 2d( 2d )
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The  manual cper^tions and remarks  
    (1) SEX 10 6 c(IR1) = 6 
   (2) RIN/ 00 14 c(UA) = (a) 
   (3) STO 00 4 c(4) _ (a)    
4) RIN/ 00 14 c(UA) = (b) 
    (5) STO 00 5 c(5) _ (b)
    (6) JI.'P 00 4 jump to loc.4 and the computer takes control 
                           and proceeds from loc.4. 
    At the end of the step (5), the contentsof the drum Pre;-
c(4) = RIN/ 00 14 , and c(5) = STO 01 0. Furthermore the c(IR1) = 6. 
Afterwards the c(LC) is set to 4 and the computer takes control and 
proceeds from there. By carefully tracing the steps, it can be understood 
that the routine RDIN is stored in the drum. 
    This method has greatly simplified the former ~imitive method. 
However, care should be taken thit at the end the c(7), c(g) and c(9) 
are replaced by ( JMP 00 4 ), ( SEX 10 0 ) and ( JMP 00 4 ) 
respectively.
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3. The TY mcLhod  
    This method was su7gested by rof. T.Kiyono, who has named this method 
a YK method in which Y is taken from the author's n e, in spite of my 
very little contribution to this method . Thus the author should be allowed 
to call this methodtheTK ethoil. The manual operations, the necessary program 
tape and remarks are as follows;-
The manual operations and rerarks  
  (1) RIN/ 00 10 read (a) 
  (2) STO 00 0 c(0) = RIN/ 00 14 
  (3) STO 00 3 c(3) = RIN/ 00 14 
  (4) RIN/ 00 11 read (b) 
  (5) STO 00 1 c(1) = STO 00 2 
  (6) RIN; 00 1 read d 
The necessary progrn tape and remarks  
   (a) RIN/ 00 14 stored in loc.J end 3. 
  (b) STO 00 2 stored in loc.l. 
  (c) d 
  (d) SEX 10 1 c(I.tl; = 1 
  (e) od L DII 00 0 c (1,° D) _ KU/ 00 14 
(f) Od ST!. 00 4 c(4) = n 
  (g) Od 0T1: 00 6 c(6) = " 
  (h) Od PALc (I.0) =PAL 
  (i) Od STM 00 5 c(5) _ " 
(j) 4d JXR 10 4 saved in 
  (k) Od ST' _0 6 c(6) = JXR 10 4 
  (1) 4d JI P 00 0 
(:) Od 5TI` 00 3 c(3) = Jr 1) o0 0 
  (n) 4d STO 10 0 
(o) Od S'I'T 00 5 c(5) _ ,ITC 01 0 
(p) IIJP: 00 0 c(2) = HJh 00 0 
At the end the Ii II: is store. in loc.0-6 and all other registers are 
le 't unch' need .
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4. Methods Which Require Some Special Conditions  
     If the CLOCK button on the panel of the console is reset an set again 
 before applying the methods, it can he expected that the. c(LC) = 0, 
c(IRs) = 0 and so on. It is possible to simplify the manual procedures 
required in applying the rret hr)ds by utilizing these conditions. (:ne example, 
    suggested try the nut,-1 r,is as follows: 
The necessary conditions c(LC) = 0 and c(IR1 & 2) = 0. 
The manual operations and remarks  
  (1) RIN/ 00 20 red (a) 
  (2) STO 00 0 c(0) = RIN/ 00 14 
  (3) STO 00 2 c(2) _ " 
   (-) SSdepress SS button; execute c(0) & jump to loc.2. 
  (4) STO 00 1 c(1) = STO 20 2 
   (-) 33depress SS button; execute c(2) & jump to loc.0. 
  (5) STO 00 3 c(3) = JNP 00 0 
The necessary program ta-)e and remarks  
  (a) RIN/ 000 w 20 " read by (I) 
   (b) STO 200 0 0002d read by c(0) and jump to 1oc.". 
   (c) JR P 000 0 0000d read by c(2) and jump to loc.0. 
  (d) JXR 200 w 0 " 
  (e) JMP 000 w 0 " 
(f) RIN/ 000 w 20 rend by rootstrap in loc.0-3 by 1R2. 
  (g) STO 100 w 0 " 
  (h) JXR 100 w 4 " 
  (i) JMP 000 w 0 "
(j) 4d 
   (k) RIN/ 000 w 20 " read by Bootstrap in loc.4-7 by IR1   
1) STO 000 w 2 " 
(m) HJN, 000 w 0 
(nju, .r to loc.2,  or HJM .
     At the end the RDIN is stored in loc.0-6, andin loc.7 (JNP 00 4) 
is stored. 
     This frethod requires a somew.hwt simpler manual procedures than that of the 
TK method, though some special conditions are needed. The idea of this methcd 
 lies in the steps (b) and (c) in which instructions and the code d are 
suitably combined. 
The Modified TK R:ethod  
Iathe ceseof the TK method, Prof. T.Kiyono suggeste that it was alFo 
possible to reduce the manual procedure if the condition c(LC) = 0 were 
fulfilled. P oreover the same proprar tape can be used.
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'4The necessary condition c(LC) = 0. 
    The manual procedures  
(1) RIN/ 00 10       
2) STO 00 0 
     (3) STO 00 3
(-) SSdepress ;S button; excute c(0). 
      (4) STO 00 1 (START). 
Since 
it is not too difficult to trace how the routine FDII: is produced, 
     an explanation' is"omitted. 
    5. The SH Ike:ethod 
         Assistant Professor 3.Hoshino suggested this method. The method does 
not require any special conditions and requires only four steps of manual 
     operations. 
     The manual operations  
     (1) RIN/ 00 13 
      (2) STO 00 3 
     (3) STO 00 4
     (4) RIN/ 00 14 
y 
     The necessary program tape 
      (a) STO 400 w 1 " 
     (b) RIN/ 440 0 0004d 
      (c) SEX 100 0 0003d
      (d) STO 100 0 0003 d
      (e) JXL 100 0 0004d
(f) LWX 140 0 0003 d 
      (g) STO 140 0 0003d
      (h) JXL 100 w " 
      (i) STO 100 w 13 " 
      (j) RIN/ 000 w 14 " d
      (k) JXR 100 w 4 " 
(1) STO 100 w " 
(m) RIN/ 000 w 14 " 
      (n) JMP 000 w " 
      (o) SEX 100 w 1 " 4d       
p) STO 000 w 2 " d 
      (q) HJE 000 w " 
         At the end the RDIN is store(' in loc.0-6,all other registers being 
                The 
    left unchanged.Amain features are the usage of HIN/ 440 0004d,and so on.
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6. The SY Yethod  
    Finally the author suggested this method. U„t;f, now many methods have 
been suggested and most efforts are exerted in simplifying the manual 
proc©dures'used in each of their methods. The manual operations require 11 
steps at the beginning, next 6 steps and finally 4 steps in the 3H method. 
The author's method requires 3 steps, moreover the author succeeded in proving 
that this is the minimum procedure. By this way the problem of simplification 
has finally been settled. 
The manual operations  
  (1) RIN/ 00 10   
2) STO 00 0 
  (-) SSdepress the SS (Single Step) button. 
  (3) RIN/ 00 10 depress the START button. 
The necessary program tape  
  (a) STO 400 w 1 d loc.0 STO 40 1 
  (b) RIN/ 000 w 14 " loc.l STO 40 1 
  (c) LD1. 000 w 2 dloc.2 RIN/ 00 14 
  (d) STY 000 w 4 d loc.4 RIN/ 00 14 
  (e) PAM 000 w d 
  (f) STM 000 w 3 d loc . 3 FAN 
  (g) STO 100 w 9999 If 
  (h) STN 000 w 5 d loc.5 JTO 10 9999 
  (i)100 w 4 
  (j)SM 000 w 6 d loc.6 JXR 10 4 
  (k)100 w 1 d by using the program in loc.4-6, the 
  (1) 4 drest of the tape is to be read and stored 
(m.) RIN/ 000 w 14 " into the loc.0-5. 
  (n) STO 000 w 2 " 
  (o) HJE 000 w " 
   (p) + J14P 000 w " 
  (q) RIN/ 000 w 14 " 
   (r) STO 010 w " 
  (s) 2 d 
     At the end the 'ttDIN is stored in loc.0-6, and all other registers 
                                               The 
are left unchanged. No special conditions are required.^ntain features are the 
usage of the codes w and d, etc. These will be fully discussed in the proof.
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5.3 The minimum Procedure of Reading the Routine RDIN 
       The purpose of this section is to give a proof that the SY method 
   is the sole minimum procedure (uniqueness) among various procedures of 
  reading various types of KDC-I initial read-in routines (abbr. RN) (generality), 
   including the standard routine (abbr- RDIP) now utilized, and et the same 
time to present a m ninum step RI?. 
       The definition of the minimum procedure of reading the RR which is 
employed here and considered appropriate is to produce the TP7 on the ,7itorzge 
   Registers (Whose locations are from hoc to 6 in the case of RDIN) with 
   a minimur number of manual button-pushings at the cm 'cuter console under 
   the assumption that all buttons are in reset conditions at the beginning 
   except the ?-L' EP, DRUM_, CLCCI , Tfl57IS, and ~-TR Select, and that the computer 
   is at the HALT stage. At this time the caJ.plexity of the paper tare
Prcgra~: ing is not taken into account. The number of button-pushings 
   for the P I'ethod is 7 + 7 + 1 = 22, which is a r.ini':ni~. 
        The proof :.ill be given according to the following procedure: 
   (1) The machine characteristics relevant to this problem are explained. 
      (Paragraph 1) 
   (2) The manual procedure is then formalized..(Paragraph 2) 
   (3) I'ext some theorems are set up. (Paragraph 3) 
   (4) dtori ir_,- from the si,, plest fors--' of the 'r"mt~l procedure, more cor telex 
ones are investigate" step by step until a r: inirruI1 procedure of reading the 
   RN is reached . (Paragraph 4) 
   (5) A rein uu step -N is shown. (Paragraph 5) 
   (6) The uniqueness and the generality of the solution is proven. (paragraph 6)
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1. ''elevant Tachine Characteristics  
(1) ".Ir' The characteristics of the tape control code could be utilized. 
            For example : 
           (BY RIV) Ad : A is read to UA and control jumps to loc . A. 
                      wAd : A is read to UA and control jumps to loc .'',
                              not loc. A. 
                          w: 5 digit left cyclic shift at UA and next 
                                character A is read to ? temporarily. 
                         d: jump to 0 = c(UA)ad & A is added to UA from 
                                   sense the end for RIN/ . 
          (BY TI'/) 300 000 0 0006d is read jump to loc. 6.
                                                           all will 
                   300 000 1r6d is read jump to loc. 0. 
                                                                 result in
                  3ww6dis read c, jump to loc. 0. 
                                                              the sa-,e c(UA). 
                ---is read & normal sequence. 
(2) STO 4 1 If this is in UA and if stored and executed repeatedly, all 
            SR are filled with this information. 
             Some combinaticn of STO 4 1, STI" 4 1 and SLA 4 1 shows also 
            some such properties. 
(3) PAY PAL in UA, if stored and executed, will treble itself inn), 
            SR and original UA, whereas on ordinary instruction does or 
            does not double, or vanishes by the saDe procedure. 
    (N.E.) It ritht be said that the degree of amplification of information 
            is 3 in FAJ", 2 or 1 or 0 in the ordinary case etc . Furthermore, 
           if allowed, the generative power of STO 4 1 could be said to be 
            infinite, etc. 
(4) Compound instructions_They are sometimes very useful,. 
2. The manual Procedures  
    The i ^.nual Procedures are described by utilizing the follow- ng symbols : -
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          = CNCTSMR S?,T, OR CL L, OR Ste:2 and SS are executed at 
               the console.) I.e.,  on e,,:ecution of a manually- set instruction. 
          a = (SS is executed.) I.e., an execution of a stored instruction. 
          s = (START is executed.) I.e.,  an execution-of a stored i:roF ram .
(N.7.1.) All manual procedures could be described as E sequence of the 
a.b, re ste-~s, e. . 'n, .l a, s, etc. 
(7.B.2.) The sequence "as" is equal to "s". 
(:.p.3.) as a, ar....a a , etc. 
3. Some TheoreJys  
Theorem 3.1 It is necessary for''N to contain explicitly 
          or implicitly a. sot of orders which rakes nossible the transfer 
         of intonation f_ on the inrut device to the storage register (SR) . 
e.g,= N must contain; "INSTO, (a minimum  set of orders) 
                               or RI"; & PAN <: STN, 
                              or IN & Shift l'- OLA (FSL), 
etc. 
:roof: Self-evident. 
(N.B.) "L olicitly'l means that a program which can generate on order 
           such as RIN but does not contain ?IN explicitly, still can be an ',? 
(N.''.) There is indeed a case that only an instruction STO in loc .0 
          can generate Td if STi,! is in UA and RIN is in D. 
    Next, sd.e other theorems are set up through the investigation of the 
possibility of producing an RN by only one instruction in the SR. 
     However, the following conditions are assured: - 
  1) An instruction X is in loc . A. (0 A..  6 in case of =WIN) 
   2) Any other registers and paper tape exept and OR contain necessary
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information. 
  3) At the beginning, the START button will be pushed, which means 
      c(LC)=A is assumed. 
(3.1) The property of X in loc. A 
    Since X is a single instruction in the SR and automatic computation 
must be done;-
                                                                                case 
    The property of X must be do (something) & jump to loc. A (Self)...(i) 
"A+1(Nex()...(ii) 
ItB (#A or A41) 
...(iii) 
         Theorem 3. 2. X cannot be a "do £ jump to self" instruction.
        (case (i)). 
   Proof: Jumporders OM P, FFX, Non-div, JXL, etc.) do nothing. 
  RIN(& jump by d) only changes the c(UA).QED. 
From case (iii) follows that an instruction must be stored in B and 
jump to B (or self). But such X does not e-cist. 
Theorem 3. 3. There is no instruction which stores and jumps. 
      -theorem 3. 4. The X, which is a single instruction in the SR, 
          must be at-least a "store next" instruction, 
           i.e. STO, STAB, or SLA (FSL) Next. 
Proof: Cases(i) and. (iii) do not hold, and the meaning of case (ii) 
   is that some instruction must be stored in loc. Al+- and the program 
 sequence must be non:al.t:ED. 
    By Theorem 3.4., an instruction, say Y, is stored in loc. A+l by X. 
(3. 2) The property of Y in loc. A-1.1
                                                                 or 
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    The property of Y must b e do) ( something) & jump to loc . A...(i) 
1IA + 1 . . .(i -) 
tIA t 2 ...(iii) 
IIB(*A , tl, +2)...( iv) 
Oace (iv) does not hold by Theorem 3. 3. 
    Case (i) and (ii) are also impossible since jui p orders do nothing 
at all, and there is no "store A + 2 and jump to A, A t 1 or f3" order. 
Even Y=1-:IN will be impossible. 
         Theorem 3. 5 . STO Nex and AIN in consecutive locations can 
           not produce ,'.N. 
i.e. inc. A LIM Next 
loc . A + 1 RI ;v 
Proof: If P,P1 is effectively a "read and jump to A t 1", refer to 
Theorem 3. 2. 
   If RId is a read and jump t,. A, the sane procedure is on'.y repeated. QED. 
    For the case (iii), the mine situation exists as for X. 
Theory 6 . The in loc.. A and the Y in loc.  + 1 must be 
both "store next" instructions. 
By this, an instructi .,, s,-,y;Z stored in loc . + 2 by Y. 
. _)1 The property of 2 in loc . A t 2 
    The property of :' will be outlined as follow: 
                             A 
  do(something) andjumpto loc .                         iA +1 , ,,i   JP) 
                               A + 2 
t 3 ... A must be ar ain store next,... ii) 
                                       B ti, ..., A t 3) --- L:.possible
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         Theorem 3. 7. Z could be either RIN (i) or store next (ii). 
  Proof: In (i); No "store and jump" orders, jump orders do not
  accomplish anything. case (ii) is clear.QED. 
Theorem 3. d. It is inovrn that the following can be an TTT (Z is RIN) . 
loc . 0 STO Next 
loc.  l ----- 
loc. 2 IN one word ( start from loc . 2.) 
     It can be said, in other words, that this is a minimum form of ''N. 
   Proof: The above is the core of the ::1 method. And indeed, the above 
situ--tion exists. 
e.g. The first condition ci 0) = STO Next, c(UA) = 37" Next and 
c(ND)=RID one word.QED. 
     If Z is a "store next" instruction and by it, say, U is stored in 
loc . + 3 by Z, in exactly the same way U must be either 'IN or a store next 
instruction. ""his fact is consistent with Theorem 3. 1. 
. A  and aT0 in the Sl-r 
     The following situation is assumed : there are ::IiT and STO in the JD, 
the same STO in UA, and no other inforaation is available in the computer, 
and the execution by qADT begins from RIi or STO. 
Theorem "; . 9. The follorrin^ cannot be an N. 
loc . A DIN 
                A # n JTC (nI1) 
   Proof: Any instruc'.ion next to .>TO must be a jump type. Jump orders 
   do not accomplish anjrt'uav at this sta c. "Red-ir and ,hu ,pn also 
accomplishes nothing for RN.'ED. 
",' ' ..
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         Theorem 3. 10. The following cannot be an  'T. 
loc. A STO 
              A + n RIN (n) 4) 
  Proof: Whether one begins with STO or RIN (after RIN, STO must be executed), 
  STO must be STO next type (or X is read and stored in loc. + 1 and will 
  be executed). X cannot be a store next, but must in any case be a jump 
  type. If X is an ordinary jump type, it accomplishes nothing. lf X is 
  RIN & d jump, the next step must be taken from loc. A or A t 1, or A t n, 
 all of them having no effect.QED. 
14. The Minimum Procedure 
     Starting from the simplest four of the manual procedure, more complex v 
ones are investigated step by step until a minimum procedure of reading 
the RN is reached. 
.1) Ms: since no instruction can be stored in SR, no possibility for 
            any RN. 
     Ma " _ ... etc. . a should not be used. 
~4. 2)I 1s: One instruction can be stored by T•`, but no possibility for 
            any RN by Theorem 3. 4. (an instruction in SR must be STO 
            Next) and Theorem 3. 1. (... in any case RIN is necessary). 
.2) Mils: The consideration of the following two cases is necessary 
            and sufficient. 
    (case 1) Three instructions of the same type can be in the corputer 
              (by VII.). 
               i.e. One in UA, the other two in SR, or each in UA, SR 
                    and in MD or LA respectively. 
(MMivs = RIN. STO. STO. s. etc.) 
    (case 2) One instruction in SR and a new instruction in UA. 
(N2 s = RIN. STO. LIF . s.)
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      Again nopossibility is expected for any RN. 
       Proof: Three instructions cannot be stored by '3N. 
       (case 1) Any two steps of the same instruction cannot produce both 
      RIN & STO. (refer to Theorem 3. 1.) 
      (case 2) Refer to:-
      Theorem 3. 4.(a single instruction in 3R must be STO Next), 
       Theorem 3. i.(...c(iJ_A) must be R.IN) and 
       Theorem 3. 5.(STO Next & RIN in consecutive locations will never produce 
 any RN) .QED. 
    (4. 4) IMaNs: Only the following cases should be examined:-
         (case 1) RIN. STO. aa. RIN. s. 
         (case 2) RIN. STO. a. STO. s. 
(p > 1) 
Proof: NYa must be 'AIN . STO. a., because of a. 
       If an instruction other than RIN or STO is read, stored and executed 
      by MMa, it is not possible to have both i.IN and STO in SR by the third 
      M explicitly or implicitly (Theorem 3.1.). 
       If STO is read, stored and executed by FI_a, then RIN must be read by 
      the third M (case 1). 
       If RIN, STO must be read and this must be stored by the third M 
 (case 2).QED. 
              Theorem 4. 1. RIN. STO. a. :.IN. s. can be a procedure for RN, 
             and a sole minimum proceure of this type is the SY method.
       Proof: STO Next should be read and stored and executed by rl.nual 
RIN. STO. a. So the form of the STO Next must be ; - 
      (i) 300 100 w ld (if read, will jump to loc. 0. so in this case 
                              it must be stored manually in 1oc. 0. )
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  (ii) 300 400 0 Ad (it must be stored in  loc. A and also must be 
                        STO Next, so 2A = A 4- 1 or A = 1) 
  (iii) 300 440 0 Ad ( impossible, since 3A + A + 1)
  From case (i) the SY method is derived, 
  i.e., HEN/10 . STO 0 . a . RIld/10 . s . (22 button-pushings). 
  It cannot be ` ;:IN/9 or less, since it must read somehow RIN/ 000 w 14 " 
  (10 characters). If it is RIN/ 11 or 14, etc.. it is also possible to 
  be a procedure for an RN, but the number of button-pushings will become 
8 . 8 + 1 + 8 =25, which exceeds 22. 
  The case (ii) will not be fully examined if it could produce any RN, 
  but apparently it is less simple than the SY method, since it must be 
RIN/ 12 . STO 1 . a . RIN/ 11 . s . etc. (8 .- 8 + 1 + 7.24  button-pushings). 
QED. 
Corollary: The SY method would be simpler than III. STO. a . RIN. s., 
          even if these cases arise. 
  Proof: The above proof can be applied; so if these ca.F,es would arise, 
  the number of button-pushings would exceed that of the above by at 
least one.QED. 
(4. 5) The  case "MMaMs = RIN. STO.  a. STC.  s". 
    By Theorem 3. 1., RIN is read, storedand utilized 4RIN & jump to self) 
and STO is read and stored (STO is also in UA). So paper tape begins 
with RIN, STO, ... . 
    So the following five cases must be examined. 
loc . 
(1) 0 RIN one word. 
(2) 1 RIN 44 1 : RIN 3 characters max. 
(3) 2Jn 2 " 6 
(4) 3" 3 n 9 
(5) A('- 4) " A " 3A or one word.
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(1) Not possible by 'Theorem 3.9 
(2) Not possible since RIN 3 characters can only read 
    STO 0 (3ww) and "STO 0 & RIN 3" has no effect. 
(3) It can read STO as 3wwAd which jumps to zero. 
    And STO must be STO next type, so A =1. 
i.e. loc. 0 STO 00 1 
                  1 
                  2 RIN 41.E 2 
    Since RIN 4 2 reads instructions as IwwAd form, ADD(100), FAD(200), 
    STO(300) and EAD( 500) could be read, but '2;0( 500) cannot be used (MD 
    cannot be referred to.). And RIN 4 2 must be -IN/ 44 2, since
    w is a five digit cyclic shift. If RIN 44 2 is used, manual r-:IN. STO. 
    will leave the c (loc . 2) and the c(UA) as ':1632 44?Z ?3 0002 (?; is 
arbitrary). Even if loc. 2 is executed by manual a and if paper tape 
     is prepared in any way possible, it is not possible to read as a result 
    ?300 00? ? 0001 in UA. (e.g. :22 = 3, ?3= 0, and w" is read, it 
becornes 430 0 000 2 632. 4. 
    Because RIN/ must be used, ADD & FAD orders become meaningless (they 
    will be executed at loc. 1). 
    Now it has become clear it is not possible.  
(c .f.) If w were not a cyclic shift, but a short left shift, it 
                would be possible for this case to be a ?N. 
                 e.g. Under the following case 
                   Paper tape 632 4486 0',02d 3wwid 3uw6d 
lww2d w( d 83O 10U w6d 
lw2d w6d 8'30 200 9999d etc. 
(4) STO must be read by RIi'J 9 characters, STO rause be read as: 
    (i) 3wwAd (and jump to loc. 0) by RIB:?/. 
    (ii) OOC;OAd (and jump to loc. A ) by 632 44 3 0 00( 3 and its result is 
ar
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      4 222 003 0 0001. Since jump to A, STO A must be stored in loc. A. 
      Then it is clearly not possible. 
   From case (i) follows : loc. 0 STO A 
1 -
                  2 ---
                       3 ?ii/ 44 3 
    A must be 1, then the program stops. 
.°* case (4) is impossible. 
(5) The RIN in lec. A (> 4) can read one full word, and it must read STO 
    (Theorem 3. 1.). But this STO must be stored manually at least in
loc. A-1, A-2 or A-3. (Theorem 3. 9. and 3. 10.) 
From this, STO on tape cannot be 300 000 wBd (jumps to 0 and must 
    be stored in loc. 0), or 300 " So it must contain d but not v. 
    And clearly it can't be 300 000 0 A d. Then after the execution of 
    RIN. STO, a. STO, newly stored STO in lee A-1, A-2 or A-3 must be
executed. If 300 000 0 A-1(or 1. -2 or A-3) d, which must be stored 
    in A-1(or A-2 or A-3 respectively), or STO Self is read rindutilized, 
    the program stops in case of STO A-2 or A-3, and even STO A-1 is not 
    useful. (Since next step RIN might read some specific instruction,
    and it might be stored in loc. A-1, but STO type instruction already 
    in loc. A-1 should not be destroyed, then it must again the same 
    STO A-1.) 
      So only possibility now is either 300 400 0 A-1(or A-2 or A-3 )d 
                             or 300 440 0 A-1(" )d . 
       The following three cases for each should be studied;-
    (i) STO in loc. -1 (ii) STO in loc. A-2 (iii) STO in loc. A-3. 
                                                                 In each case the effective address of STO is 2(A-1) or 3(A-1) and etc.
   (i) loc. A-1 STO 2(A-1) or 3(A-1) , (A >_ 4) 
        A RIPS one word.` '"
                                                                                                 ole
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      After the execution of RIN and STO, RIN will read an instruction 
(X) and jump to loc. 2(A-1) or 3(A-1). (Jump to A or A-1 is nonsense.) 
       X must be a "do and jump" instruction, which does not contribute 
    for RN. (even if it is a RIM and jump by d). So the case (i) is impossible. 
    (ii) loc. A-2 STO 2(A-2) or 3(A-2) (A ? 4) 
A-1 ---
               A RIM one sord 
"after the execution of STO, the program stops, since 2(A-2) can't 
    be A-1 or A + 3(refer to case (4) ), and since 3(A-2) can't be A-1 or 
   A45/2. 
    (iii) loc. A-3 STO 2(A-3) al' 3(A-3) 
A-2 ---
              A-1 ---
               A RIN one word 
       STO must be STC next.
       So 2(A-3) = A-2, then A = 4, 
       but 3(A-3) A-2, or 41
2- . 
       Then it becomes;-
           loc . 1 STO 4 . 1 
2 ---
           3 ---
            4 TIN 44 4 
But since program begins from loc. 1 and STO 4 1 will regenerate 
    itself (Section'. (2).), then it is impossible. 
From the above discussion follows;-
         Theorem 4. 2. Manual procedure DIN. STO. a. St?. s. will not 
         produce any type of RN (, whose number of button-pushings might 
         have eventually become as small as 7t7+1+4 =19) .
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L4. 6.) The case "1921a!Ns =RIN. STO. a..p  STO. s. (p'_ 2) 
    Again HIN must be read and executed. p-times by manual a . and, by this, 
STO must be read. So the situ.ation differs, if any, from that of 4. 5. 
by the case in which 1-IN can't be RIN/ (If RIN/, the situation becomes 
the same as 4. 5.) With referrence to 4. 5., the following cases should 
be examined:-
           loc. 
  (1) 1 RIN 4i 1 p-times : RIN 3p characters maw. 
 (2) 2 n2 n n 6p 
 (3) 33n 9p << 
   (N.B.) Both loc. 0 case and loc. 11(? 4) case are the same as 4. 5. 
   (N.B.) With RIN(not RI??/), w must be carefully used. 
   (1) It is not possible to read STO instruction by RIN3 twice or more. 
   (because w can't be used from the first time.) 
   (2) Less than 6 characters are read by each manual a, and must jump 
   to self i.e.,to loc. 2., but it is not possible since 300 002d  
can't be read. 
   (3) STOA could be read under the tape fora such as 
e.g. 300 0003 dd000Ad (p =3) and program step ju.ips to A. So it 
'must be stored in loc. A. Next, store self operates. After reading 
several digits, w could be used. With w the core of jumps to zero, which 
   still accomplishes not tng hen no possibility can be envisaged. 
   So together with Theorem 4. 2.;- 
         Theorem 4. 3 . I anual procedure n I; r . STO. a?. STC. s (p> 1) 
will not produce any type of RN. 
          Theorem 4. 4. In all. three or less than three ': cases, 
RIN. STO. a. RIN. s. a sole solution for N.N. 
(4. 7.) Melts. 
         Theorem 4. 5. RIN. STO. a. RIN . s. is simpler than any other
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         possible procedures such as thus is a sole minimum procedure 
         for RN. 
   Proof: The simplest form of the four M case is, if possible, !'_if. STO. SID . 
  STO. s. (RIN is necessary, if STO is not used, at least three kinds of 
   instructions are necessary in four Mb.), whose number of button-pushings 
  might become as small as 7 + 7 + 4 + 4 =22, the same as of aIN. STO. a. RIN. s. 
   But this forii cannot read any RN, since three instructions but of the 
   same type which will be stored under this case cannot produce both RIN and 
   STO in SR (refer to Theorem 3. 1.) and other four r` case needs more button-
   pushings. 
   So from theorem 4. 4. it is now clear. 
5. A minimum Step RN 
From Theorem 3. 1. and 3. 8., a minimum step RN is as follows;-
     (The uniqueness is not yet examined, but probably a sole one.) 
loc. 0 STO Next 
            2 RIN one word (start from loc . 2) 
6. The Uniqueness and the Generality of the Solution 
    From Theorem 4. 1. and 4. 5., it is clear that the SY method is a sole 
minirrnur! procedure (uniqueness) among various procedures of reading various  
types of F,DC-I initial read-in routine RN (generality), includi _n.g the 
standard routine RDIN. 
    But it must be said again, the complexity of the paper tape programming 
is not taken into account. Much simrler paper tape programing for the 
SY method than that suggested might exist. Put so far it is not yet 
examined. 
    It is interesting to note that the minimum procedure read the iinimum 
step RN of paragraph 5., and by this RN, the RDIN is read.
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                            Chapter 6 
                    LOGICAL DESIGN OF THE COMPUTER 
6.1 Introduction 
        The performance of an arithmetic and a control unit depends chiefly on 
    the performance of each basic logic circuit of the units and the method of
    logical design which depends largely on the logical properties of the basic 
     logic circuit. Boolean algebra provides a mathematical framework for 
    describing the logical design of the computer. It is however only applicable 
    to tiny well-defined portions of a computer, e.g., such as adders, counters, 
      etc., in most practical cases. Most theories concerning computing
    machineries treat least requirements for them, e.g., theories on the Turing 
    machine are typical examples. Computers actually built are much more complex 
    and useful ones in which convenience is an important factor of the design. 
    Thus the theory of logical desing for a whole computer has hardly been 
    developed. The design of the KDC-I was conducted as described in the 
     previous chapters. 
         In this chapter the logical properties of the basic logic circuit of 
    the computer is describedt_first, then the algebraic methods of logical 
    design are reviewed. The simplification of a Boolean function is performed 
    by using the Veitch diagram simplification method for obtaining the simplest 
     normal form. The author devised a method of obtaining the simplest normal 
    form with a restriction on the operation of an input g;Atc in which no more 
    than a single AND gate can send binary 1 at the same time, which was for the 
    time being necessary to cover a defect of the eloctri:al properties of the 
    basic logic circuit. Next, the :gain features of the logical design is given, 
    and some arithmetic elements are presented to show the example of the simplest 
normal function with the gate restriction.
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    6.2 Logical Properties of the Basic Logic Circuit 
         The whole logic circuit of the computer is composed ci . .ny standardized 
    basic logic circuits. The basic logic circuit of the r:DC i ; a diode logic 
    and transistorized dynamic circuit whose details will be given in chapter 7. 
    In this section only its logical properties are presented. 
         The logical properties of the basic logic circuit of t Zee caaputer are 
    of the delay memory element or the D flip-flop with input gates which 
    perform logical operations (Ph 1). The D flip-flop has a single input 
    and an output (both "ON" and "NOT" or negated output) equal the iipit cne 
    bit-time earlier. The truth table for this memory element :.1.-)wing its 
                                  as a function of its inputline at time nstate at time (n + 1), (Q),p, 
    (D ), is given: 
D n 014+% 
    00 
    11 
         The corresponding characteristic equation for the flip-flop is, of 
     course, 
nto n 
               Q = D . 
         Since the application equation is 
              Qv+1=(g1Q )„, 
    where g i and g represent Boolean functions of whatc:-rer variables detenr ine 
    the state of Q, although neither g1 nor g2 contains itself. 
         Then we can imr ediately- write J in terms of g l , pz , and 
D=g1Q tF217• 
         If g i as g2 , then D= g 
         To perform the function of the application equation, lode-logic 
    circuits which perform "AND-OP” pyramid or second-order logic are attached 
     to the input of the T flip-flop. Thus it can perform the operation of 
     sum of products of logical variables. In actual electric circuits,
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     however, limits are placed on the available number of variables both for the 
     product and sum (fan-in limit) , There are also limits on the side of the 
"ON" and "NOT" outputs (fan-out limit) , Not only the avail ble number of 
     them, but also the length of them is restricted. The latter limit wasnot 
     considered in the case of the logical design of the computer, it was 
     considered at the time of allocating the positions of. circa ^. packages. 
     Logical diagram symbols of the basic logic circuit and its p;,ckages are 
,1 shown in Fig,. 6.1 together with the values of Fan-in and Fan-out limits. 
Electrical properties of this circuit in connection with the logical 
     properties are given in chapter 7. By connecting pins of the A and D type 
     packages properly, it is possible to construct a logic circuit of various 
complexity. The logical design of the computer was conducted by using 
      these five kinds of packages. 
          In addition to the basic logic circuit described above, a buffer 
     amplifier which is logically an inventor without a time delai wasdeveloped. 
     It has an input which accepts either ON or NOT output signal (a basic logic 
     circuit can drive ten times as many inputs of buffer amplifier as that of 
     the basic logic circuit.), and has two equivalent outputs, each of which 
.2 can drive no greater than ten inputs of basic logic circuits. In Fig. 6.2  
     the logical diagram symbols of the buffer amplifier are shown. Since this
     circuit was developed when the logical design by using only basic logic
     circuits was roughly completed and moreover it had not enough proven
      characteristics, this circuit was not extensively used. However, in a 
     timing logic circuit or in a circuit whose NOT output should be transmitted 
     beyond the limit of the permissible wire length, the buffer amplifiers were 
     effectively used. 
     6.3 Algebraic Methods of Logical Design 
          As is well-known that'Boolean algebra provides a mathematical
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  (time:Tn) (Number of gates) 
 ON output 
Xl --------    110XoutX2_CC           (Nickname)--~ 
   x3_)• 0_):.    X4-----,~ii1Xoutn. u X2X3X1a. U X5XE----------- 
X6I (time: Tnt1)_ _0 
   ii gateNOT output AND,OR;D(delay) flip-flop' 
(* The output has actually two separate lines, however,the above 
    convention is used.) 
            rAfl          -''- 
Z18(9N)3i 18 (C0
.  4_~6 r                                                         ?ir1^r> si 17(Nbi,76 
    Type A6 packageType A7 package 
     (Both ON and NOT outputs are connected to '.NP-gates.) 
D8 1 /~rD9~Eal.I 
                   f* -------/7   i.=, '~9tp/6' 
  it9                  IED--1—6 
                          s z(I-Z       3~,fi 
  L---ii --L--1 
- Type D8 packageType D9 package Type Dll peci .ge 
    (The output of Type U packa,=;e is connected to a OR-gate or No.1 
     pin of Type A package.) 
    (Both A and D type pack-l. es are of 18-Din 90- by 110-.m printed 
      card with Lletal frL,r_.e. 11n numbers are written in the dir.grams ) 
Fan-in limit : 6 inputs to an :ND-gate; 8 AND-gate out'uts to an : P-
                gate; 1 0`:-gate output to a D flip-flop input. 
Fan-out limit: No + Nn <_ 13 , 6 1 Nn ? 0, and No 1 0, 
                where No is a number of (-!U outputs andIin a n nbcm- of 
'OT out nub s . 
     Fig.6.1-Logical properties of the basic lo4c circuit. of the ;1B;-1 
              and its logical diagram symbols. 
vt S.
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CC1  CC1A(Pi  clear  e) i i AI I (??ic, n• r^c )
p 2. -------- :87 p
The NOT NOT output of the .! flip-flop The ON output of the D fl i., -fID n 
is connected to the input of theis connected to the input of the 
invertor;  thus its output 3sinvertor; thus its output is 
logically eua1 to the (_PN outpilt. iorically equal to the :'0T oit ra._t. 
FLL °.~ , -Logical c. is graJ symbols of the buffer ar_.plii ier 
             which is logically an invertor without tine 
              delay. 
             This circuit is also assembled on a 18-pin 90-
              by- 110-mm printed card with metal frame. Fin 
nu hers are written in the di anr:) s .
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framework for describing the design of computer utilizing ''.nary computer 
.elements. An algebraic stater-ent of the interrelation of binary variables 
is a switching function. A function or set of functions is complete if 
all other functions can be fors ed from there. The sheffer f etion (( ) 
and Peirce function (4) are of themselves complete. There ° f : indeed such 
elements which perform these functions. Fairs of functions -.dish are 
complete are AND (•) and NOT ( ), OR (V) and NOT, AND and e. elusive OR (s), 
and OR and exclusive CR. The basic logic circuit of the K 1 performs 
AND and OR operations at its input gates and provides both ON and NOT out-
put. Thus this decision element is logically complete with its storage 
capacity. 
     'witching functions are frequently derived from equivr.l;:nt tabular 
or diagrammatic representations. The binary value of a switching function 
for each combination of binary variables can be tabulated ;r a truth table. 
Each row of a truth table is made to corresporr: to a rr:interw. The general 
form for the representation of a function F of n variables by minterms is: 
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             F= va- m• 
where at s are the functional values which can be obtained from a truth 
table corresponding to a minterm, mi. n function expressed in this 
manner is in canonical for.:,. A switching function composed. of terms with 
an OR, each term being composed of factors with an ',ND is in normal form  
or disjuntive form. 
Veitch iagrans (Ve 1, Ka 1, (ter 1, i-h 1) 
     A very useful for of the truth table has been devisdh by 7eitch 
(which was a special form of Venn diagram), and a modified form w .s proposed 
by Karnaugh. These diagrams, which will here be called. Veitch diagrams, 




   form, and provide a very quick any' easy way for finding the .imple st 
   expression of P function by geometrical rclationshps. Thi. Veitch
   diagram simplification method was extensively used in the else of Logical 
   design of the } ;'C-T . 
     The Veitch diagram has a unit square for each '.inter— the binary 
   variables. 
        Since the number systerr of the KDC-I is a binary coded decimal (BCD), 
   the Veitch diagram for functions of four variables was use(' s a basis. 
   The author prepared dia.gra s shown in Fig. 6.3, in which (L.-aims for 
    four, five and six variables are illustrcted. in each square is entered 
    the number of the minterm represented by that suare, e.a. f the number 
   is 7, it is 0111, then rai=DCBA. Usnt11y m7 represents ,,Ee jh 1); 
    however, the author chose the above convention s,nce it is possible to 
    obtain a better corresnondency b,tween f,, B, C,... and weir 1,2,4,— of 
    binary numbers, and a clearer arrangement of numbers in the r,i.agrams. 
   A set of diagrams (lb - 3b) in the figure is used when redundancy of the 
BCD (w} Lch corresponds to 10-15) should be considered. 
§plification of Boolean Functions  
        A Boolean function mayoften be simplified; that is to say, some 
    other expression may be found which represents the same function but 
   may be constructed with less equipment. The input gate of the D flip-flop 
   of the KDC-I permits the operation of functions. of second order AND-OR 
    expression or of normal form. It is then possible to count the number of 
   diodes which perform the above operation. Thus as a measure of simplicity 
   the number of diodes necessary is used under the restriction that all 
    simplifications would be in the form of second-order expressions or in the 
    normal form. 
        The simplification is made by inspection, by Quine simplification
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(la) four variables(lb) four variables 
DD 
C IIIIIII 64C /GIN 
 ®A''Kilt A IMMOIINW 
BB 
 (2a) five variables(lb) five variables 
           _~D 
C ®IMPOIM NMErn  11151911®®1.©~^141®1^1~1Mill 
=1 
  24 11111 iO © 0El^'®.111, _ 
 BBB B 







 11111.1151911©a A Zvi®^l1,11111 
 INEMERIMEI G•^_®,a 111 ©r 
 B Br 
 (la - 3a) : A, B, C, ... ----) weight 1, 2, 4, ... of b--nary nw _ber. 
 (lb - 3b) . A, P, C, D ---- weight 1, 2, 4, ' of D nu !be, . 
E, F --a, wei7ht 1, 2 of the second digit, thus 10, X. 
             X : redundancy 
k 
FiT.6.3Veitch dia gr iris in 4,5 and 6 variables. Each square corres-
                ponrl s to a p in e 7T1 .
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method (Q 1, 2), by Harvard simplification method (Ha 1), or by Veitch 
dia ram simplification method (Ve 1). The last method was intensively 
utilized in the course of the logical design of the computer. 
6.1 Veitch Dia•ram Sim lification Method 
    This method presents a convenient means for the simplification of 
functions because many of the rules of simplification can deduced by 
geometrical consideration. Three important advantages are (Ph 1) : the 
function to be simplified may be attacked directly, witYnut being expanded 
into minterm form ; the process of finding prime implicant5 s simplified 
by making them correspond to patterns femilier to the eye; an_ the ease 
with which essential terms may be identified makes it possible to reduce 
the labor involved in seeking prime implicants. 
     The systematic approach to obtain the simplest form results in a 
two-step procedure (Gr 1): 
Step 1. Find the essential terms. 
     (a) Any minterm which is geometrically 
unrelated to any other minter'r is an essential term. 
     (b) Any minters which is geometrically related to ally one other 
minterm or group of minterms has the largest such groups as an essential 
term. 
Step 2. Find the best representation for the minterms which are not 
included in the essential terms. Finding the best representation of 
minterms not included in the essential terms is sometimes obscured because 
often there may be more than one equally simple .function. 




    For Veitch diagram simplifications, all minterms whir}, redundant 
will have an X placed in their minterm sauare; all other squares will have 
functional values of 1 or 0. Ledundancies are utilized as 1's whenever 
their use will simplify a term, or they are ignored otherw.i::., . 
    In the case of the logical design of the KDC-I, one more step was 
added at the first stage of the design because of the elect cal character-
     s of the input gate. The performance margin (chapter 'E', $) of the 
basic logic circuit of the original type (the diode Dri in Fig. 7.1 was not 
inserted at the testing stage of the circuit) deviated cons_ erably due 
to the operating states of a OR gate. The performance marg;.i when only aie 
of AND gates sends binary 1 to the OR gate differs from that when more than 
one AND gates send binary 1 signals to the OR gate. The aut.:nr devised a 
procedure which solved this problem logically. 
"It is possible to construct my AND-OR input gate n which no more 
     than a single AND gate can send binary 1 at the same time". 
   Proof : The input gate materializing a function in the minterm 
cannonical form is such a gate. Any function of n variables can be 
expressed in the minterm cannonical form. 
    Next it may clearly be possible to simplify the above gate, e.g., the 
function ABC V ABC which is a cannonical form can be simplified as AB. 
However, the function ABC V ABC v ÄEC should not be simplified as AC V BC, 
since the minterm ABC is included in both AC and BC, or if A, B and C equal 
1, both AC and BC are 1 at the same time. 
    Thus the procedure of obtaining the simplest normal form with the 
above restriction can be stated as follows: 
P
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  Restriction to Step 1 and Step 2 (it will be called Gate Resriction) 
       (a) When finding suitable terms in accordance with ,3tep1 and Step 2, 
  the restriction imposed slaoul4 b -t A$ the same mi.nterm sh-nld not be 
   taken -more thixr once. 
        (b) However,any redundant minterm can be utilized man' times, (since 
   signals corresponding to redundant minterms never appear). 
       The next problem was to what degree the complexity of 1oc-ic circuits 
   of the computer was increased by this restriction. The aut ^ performed 
                   in two 
   the logical designrways, i.e., with and without this restri;' on. 
        The author was surprised that there was not so much difference of 
   complexity in logic circuits. Most control logic circuits 11.esented no 
   difference, since the job of controlling gate is hardly overlapped among 
   each definite function. Moreover in arithmetic logic circuits it was 
found that only a few diodes were required extra in materializing the above 
   restriction. This will be shown in section 6.7. 
       However, in the course of logical design this gate restriction became 
   unnecessary due to the advance of the basic logic circuit. (The diode D7 in 
   Fig. 7.1 was inserted, and it has the effect of preventing thh deviation 
   of margin even if no more than a single gate operate simultaneously.) Since 
   it was at the time when the logical design was almost compoleted, a part of 
   the wiring design was being prepared and there was not much difference of
   complexity of logic circuits, most parts of the I.DC-I logic circuits were 
   constructed under this gate restriction, and some portions were without 
   this restriction. 
   6.5 Simplification Including Memory Elements 
       Systematicprocedures offindingthe minimum number ofmemory   S*gryelement s 
  for a given logical network were not applied in the case of the logical 
   design of the computer, since practically they are only applicable to 
                                                                                                        Alp
 f-12 
    tiny well-defined portions of the computer and the effect o_ he sia:plica-
    tion is not so appreciable in most forseeahle examples, and since the 
    structure of the computer is serialdecimal in which most pr6 ale: s could 
    be reduced to the problem of it gate structure and not the problem of the 
number of memory element (e.^., a one-word register of the computer must 
    have at least 48 memory elements, and by adding proper input gates to
    them various functions could be performed without the memory, element
    simplification problem). 
    6.6 Preliminary Design Considerations 
         The algebraic methodsso far described are practically- ally applicable 
    to tiny well-defined fortions of a computer. Yost theories concerning 
    computing machineries treat least requirements for them, e.g., theories 
    concerning the Turing machine are typical examples. ComputersactuAlly 
    built are much more complex and useful ones in which convenienceis an 
    important factor of the design. Thus the theory of logical design for 
    a whole computer has hardly been developed. The systen design of the 
    computer was performed as described in chapter 2. All instructions was 
    defined as described in chapter 3 and in \ppendix B. The magnetic tape 
    system was also described in chapter 4. 3inGe-_the required capabilities 
    of the computer have been specified, the logical design c2.nbegin. P{ 
    computer is usually made up of a number of subunits, the relat ions of which 
    are investigated early in the design considerations. 
        The process of the logical design of the KDC-I was divided into several 
    stages. 
(1) In the first stage the important scheme of the logical design was 
    decided mainly f'tom the definition of the system, e.g., the type of registers, 
    information paths, the place of an adder and a complementer, the main timing 
    and so on. 
r
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 (2) At the same time the logical design of basic arithmetic elementssuch 
 as a decimal adder, a complementer, and so on was made. 
 (3) Next the logic of each instruction and the relation among each of them 
 were analysed. The flow chart was made to show a schematic diagram of 
 the logic of instructions. 
 (4) The logical design was then made piese by piese from the basic 
 instructions. 
 (5) Time charts were drawn in the course of the design to show the exact 
 time relation of each circuit. 
 (6) The result of the logical design had been re-examined t.s much as 
 possible before the adjustment of the computer began. 
      Before performing detailed designs, a further framework was decided 
 as a result of investigations in which several alternatives werecompared 
 and abandoned. The main framework which is at the same time the main 
 features of the logical design will now be presented. 
 (1) In the floating-point operations, no special exponent register is prepared. 
 The MQ is used for the calculation of an exponent of a floating-point 
 number in the operation. 
 (2) In all arithmetic operations, the serial addition is used, and all 
 results are placed in the double length 23-digit AC. 
 (3) In case of an overflow in either fixed-point or floating-point arithmetic 
 operations, no erroneous results will be originated. 
 (4) When division operation is impossible, the dividend is wchanged, but 
 the control of the sequence is changed .. 
 (5) The operations of the instructions CMP and TLU are made chiefly at the 
 MQ register which is hidden from programmer.. These two instructions 
 can be used for both fixed-point and floating-point numbers. 
 (6) In case of the operations of the instructions PSX, TLU and SCT, the 
 address part of the Order Register OR is used effectively .
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  (7) From the consideration of timing the logic circuit of th : AC has 21+ 
  digits. However, the instruction LCS is performed in the 2i: -.ligit ACby 
making a suitable compensation. 
(8) In division the non-restoring method is used to get a quctierrt. 
  (9) The shifting at the AC is performed quickly by introducing a high speed 
  shifting circuit. This feature is especially useful in shifting and the 
  floating-point operations. 
•
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   6.7 Design of Arithmetic  Elements  
       The algebraic methods ao far described finds its best application in 
   the design of arithmetic elements. Before describing the details of the
   arithmetic elements, a block diagram of the arithmetic unit of the computer 
   is shown in Fig.6,4 by referring Fig.2.3 in which main registers and 
   counters, and main information paths are illustrated. The main arithmetic 
   elements are thus adders, subtractoos, a complementer, and so on. Some 
   results of the logical design of these circuits will now be presented. 
   1. 10's Complementer (Fig.6.5 (1),(2),(3)) 
        The subtraction is performedby the addition of an a mplemented number. 
   In the case where a complementer should be incorporated in a input gate of a 
   register or in a register, the complementer is required to pass a number as
   it is, to take a 10's complement, or to take a 9's complement. To distin-
   guish these three conditions two memory elements (denoted as E andF) are 
   required. At first both E and F are triggered, and 10's complement is
   taken until first non-zero digit is detected by the F which as a result is 
   reset, and 9's complement is then taken. (The least significant digit comes 
   first to the input, the second digit next, and so on.) When the most 
   significant digit appears, the operation should be finished, i.e., both 
   E and F (regardless of its state) should be reset. 
       In Fig. 6.5 (1) is shown the truth table, in which (E,F) _ (0,1) is 
   redundant. In Fig.6.5 (2) Veitch diagrams are drawn for obtaining the 
simplest normal form with the gate restriction. The number of terms is 
   not increased, and only three extra diodes are added to the one (61 diodes) 
   in the simplest normal form without the gate restriction. The logic circuit 
   diagram of this comlementer is shown in Fig.6.5 (3). 
•' w.
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 circuit forrevolution of the 
 time selectiondrum 
 Floating-point--y- -,  ,   
 _operation control---'----------„IG OR (12d) ., Modification 
                         adder control 
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MQ sign  
 multiplication— _•--------------4---------------4-'---------------- 
   and division --IG IC , MQ (12d) . Delay (id) _ 
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     counter (23-1, 
22-1,..,1-1 
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                    Main control circuit of the computer1 
— :Information.
Instruction timeExecution time --- :Control signals. 
      multipleof(an instruction is--* (an instruction is decoded,  ® :A entransferredfrom + address is modified, the     informationonlines,memoto OR)instruction i  execu ed
, -and end of operation is 
  outputs with inputs, Lsensed)  
Fig.6.4-Block diagram of the arithmetic unit of the KDC-I. 
(12k),(4x3d),etc.: (12 digits), (4x3 digits),etc. 
           IG : input gate. IC : input complementer. 
           adder : BCD decimal adder- add -1 : a decimal number 
            can be increased by 1 in one-bit-time. sub-1 : a
decimal number can be decreased by 1 in one-bit-time. 
           A portion of the control unit is also shown.
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time 
                                    Take C ompl ,. l ent Stop Complementing 
     A - 10's----AtEOFF ON ON OFF1OFF  
      B---Complementer----B'OFF ON OFF(OFFON 
EaF 
   
D --------D'10's j 9's i g 
 Take --- F Foutput  Complementa of i of 1a 1 redan- 
 Stop(A'B'C'D') 
Complementingaa I 1 dancy 
A E, F : Memory elementsNon-zero digit detected 
   yImport       EFEF EFEF 
   actual0001 1011 
       decimal 
aredan- 9's of a 10's of a       a
tidancy D'C'B'A' D'C'B'A' 
       0i' 
       is0X 1 0 0 1t0     1 1 1X 1000  11001  1
    22 9 X 11111000 
   3 31 X 110  111 
1 
        4X1011101 
    5 51 x i 100  101 
                         6 6! x 1 1 1 100 ji 
   7 J 7X 1 0 1 1 
8 i 8X1 1 0 
     91X0 1     9 1  
       * The least significant digit comes first, the second 
         digit next, and so on. 
       Fig.6.5 (1) - 10's Complementer; truth table. 
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i PE PI 24/(ME ^ ME 
  F C EP ^1/1 d2sQ~(EP    ®n IN
21/.1^1AlA r~1II! POOP 
    I'll3O B1111114API\P4^~Elitre ©E=MENNE= NI 1•111111•11M•1•1         •
C (Ell 1
114®®/1Eig 5 A ^ ~/ lop / 1 © A 
•'EP 11119111 ,II;IInill Magill 
P AINE WA ® 0IN^1PEI lia _1111 . 
          B B8 B 
     EivAB7,DEvBCDEF       BFF
_v ABCF v ABCDF v
ABCF v ABDF ZoneE 
   Terms with [ 1: correspond to / ^ =='IP_n 
                  E and F are both                    p(AAMPA01 s.. rropp go/401)A 
    Variables with', : added asa result \ Ego. iii 30limed? 
                                   of Gate Restriction•~~ 
            to the simplest APERE 
                         normal f orn .                     C4/-4 
                  ~k1121111 A 
                  rerun Illera111/
           BB 
             Fig.6.5 (2) - 10's Compleuenter; Veitch diarams to obtain both 
                          the simplest normal forms and the simplest normal 
                           forms with the gate restriction. 
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Take0D 4 ------ 
Complement _ 
=D 
    A-----     
--------------------- _DA,            Map 
B  1---- 
D 
-- o 
           imprim 
C 
                       • swim- 
®1111111 4.1111M"' 
Load or number of• 
fan-outs -----  
 ON, 
NOT 
      Fig.6.5 (3) - 10's Complementer; logic circuit 
                  materializing the function in the 
                   simplest normal form with the gate
                    restriction. 
(act»a11  y used in the KDC-I ).
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2. 1-bit-time Modulo 24. Decimal Add-1 Counter (Fig.6.6 (1),(2.1),(2,2),(2.3),(3)) 
    This counter is used for control of the right shift of the 23+1 digit 
AC, since n-digit right shift can be performed by 24-n digit left shift. 
Again the gate restriction causes only a slight increase of the number of 
diodes, and no increase of the number of terms. 
3. Range Detector (O4I€I 17) (Fig.6.7) 
    There are many logic circuits which are difficult to follow its logic 
at a glance. The circuit shown in Fig.6.7 is not very trice-, however, it 
would be an example which belongs to the above category. This circuit is 
used to detect the range of the difference of characteristics in the case 
of floating accumulation operations. 
y 
ghen the primary design was completed, the destribution of the number 
of D flip-flops of the KDC-I Ah en the number of their ON and NOT fan-outs 
are taken as variables was surveyed. These data together with the final 
ones are shown in Fig.6.$. 
•
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Add.1 Actual F E DCBA 
Wei~kts 2.0 toB 4 ZI 
             G Sum.(B2 A,) 
0 1 1I 
  121 0 
  231 1 
   341 0 0 
   451 0 1
   561 1 0
   671 1 1 
-#781 0 0 0 
    891 0 0 1 
  9 1010 
Io 111I 
11 1211 0 
12 131I 1 
    13 1411 0 0
    14 1511 0 1
15! 1611 1 0 
16! 1711 1 1 
     17 181 1 0 0 0 -,• 
181 191 1 0 0 1 
    19 120 1 00 
   20 21 1 01 
    21 22 1 01 0 
    22 23 1 01 1 
  23 1 00  
         Fig.6.6 (1) -Modulo 24 decimal Add-1 counter; truth 
                        table. This counter is used for control 
                     of the right shift of the 23 + 1 digit ~C,
                       since n-digit right shift can be performed 
                      by 24-n digit left shift. 
Add-1 counter: the contents can be increased 
                        by 1 in one-bit-time. 
a
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-----0-----©0---------0 0---- 
      At'=IAGI VAGBt'= 1B6Iv ABDG\I ABG 
      =also 2nd order(= I B G v ABDG v IAB) 
 Lood Minimal Form) 
 or   Y.' 2nd Order Minimal Form 
            or stmt est normal
.. +orm. 
4 AB C D EF-----------------------------------G 
  0 Cif  4,, ®! ®  
(/~4 1 42 4 l 2nd ME._eG)------------------------------------- 
n c L !n 11 - IN n,47_71.,•-• 21. decimal Add-1 counf.er: V itch diaurama_
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I ILE-- DL°_ED 
   ~~~^ CDCICIi~~~A   /1^1I~11111,^^1D/^/^1D 
   i/1® X11® 2,/1. X11  2,/ 
• / 01111^1^•Ell 14 7/~E 1~0111 4 A 
      EP ell is A  CCEl i5 "" III s) 19. 113 II 9. +3 I  /111. 11 118 ^1 2 108^1 2 0"~, 2 0 
  BB~B ' \ B~ 
     1110•^~1^1A~~/1/1~~ ^ 11'1^~~l^ A 
e1 III©A.A!1/I!X11///^1/1/~~,. 
   I.1®e/1^~®~ / / 1®  . I. 20 
• 
   /~1^~1OE ' 0 RE A(0 IF 14 ell! 4 A 
   FIE /„^, E11E1/1/~1 15/1II 5 C a^E 13 11 9.3 IC '.113 11110 3 1/ 
15 A 12 to S^1 2 0 ^1 12 10 18 ^1 2 0  
\--/B~~e~~B B 
O-------------- O O' ®0----------- O ®----- 
Ct1= JCG I v E3-CG V A MCG vABCG Dtl= D6I v ABCG " -A-DG 
     =ICG V AC v BCABCG(Dt= ID-6-ADIABC G 
2nd order Minimal Form2nd Ord. Minimal Form/ 
4- 
       Fig.6.6 (2.2) -Modulo 24 decimal Add-1 counter; Veitch diagrams.
                                                                     f-24 
 L  _ _E 
E 
 7(^ ME       F1F)' c I^1MPFf)A 9/1aill 11111.„  F 
I ®E ^~®•20 F~®W V4'° 
G G /'.11111•IIII 4 G1^~~~/~1DIM 4   C\'pp ^1=I5\1A c\II~1^=Il 5 \/A      ^ 113i1I  / iio,1®i  •^17 / 
    12•0I81 ,0. 
 B BB B 
 EE 
  /il 1111®, ^  IT//r=1~"/~=1 
  (~^III®/1^1/~!^A~`/1^~I^A 
   ®/1E®'IIlli39/1/i/1®1, 
  F\MOMMil 20F /1 11110 
_^ 
/' ar -11401 4 lea 34  - 4 
 EPI 1 5
)1:‘~c~III,NIII\I A       11411lio811 2I 0 1B^1 32; to2 2 0 ' 
  BBB6 
   Q--- 2 © 4 OO _O 
     Et'.--.1E vp_              EGVADEGAADEGFt'=FG1VBA                           FGvBFGv ADEFG 
(Et'=IEd vDE V AE V ADEG) (Ft'= JFGV AFV e F 1 \ADEG) 
      2nd order Minimal Form2nd order Minimal Form 
A-
       Fig.6.6 (2.3) - Modulo 24 decimal Add-1 counter; Veitch diagrams. 
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         G 
------- 1)-0)A            r
prID---------A 
         r        Bi----- 
            I." 6             —_~~ 
               ~S•2 
          /I_ 
    
C---------------`
y 
       IUF, 
                ,II 4/) 
                           F~~=i~ 4  •-----------------iiI-For setting a number11115in the co teranotherAm=Y2AND-gate is added to8 
each D flip-flop;mgrs.i'~3 
for resetting,a NOT inputsE M! ------- 
to No.1 gate of each D~~~ 
flip-flop ( artion of NOToutputn f G)are ii.PiE 
separated.!u; 4t 
Number of fan-outs :!A10 
               •
o 
--------- ^.p 
The fan-outs of GF are .heater; th  ONmmil..11110 output is also 1jw             _ Yi separated.-----------Im- 3 20 
111 
 Fig.6.6 (3) - Modulo 2l decir n1 Add-1 counter; logic circuit 
              incorporating the function in the simplest 
               normal for with the gate restriction. - .,._. 
             (actually used in the KDC-I) 
                                                                                                                4.
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D  
C = 16 44 ^ I=I17 1 5 A 
                            13 li 0,1,...,7 . 
                   sV'1210  
vm10 
O00 
    O 0 1Three-digit information ( difference cf 
    O 0 2characteristics) or v, m and 10 appearsat 
    O 0 3MQ flip-flops in the following way; 
004 
...To T, T2  
M Q I A D•m V — 
       • • • 
[Q2A—D 10 rn 009 
O10 
O 1 1Ti^ing' TO T1 T2... Ta TO ... (every one-bit time), 
   O 1 2thus Ticames every one-word-time. 
••• 
• • •A,B,C and D correspond to the weight 1,2,4 and 8 
  • • •of BCD number. 
O1 6 
O17 
MQ I A----------0'009 
-C •----- 1 ---- 
D ------------~ T2--c 
-----c\                  FE17, 
  Mq2 D -----------FEq- - z~-            c/oo-o72 
            To/1O-17T 
         :;/)
     Fig.6.7-Range detector (0 < 1E1 c 17). This circuit is used 
             to detect the range of the difference of characteristics 
             in the case of floating accumulation operations.
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(1) Data when primary design was completed (July 31,1959) .
   Name TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Tll 
   No 104 67 34 31 33 33 41 32 57 55 67 94 
   Nn 35 19 17 12 15 14 21. 7 22 19 24 52  
* D flip-flops of the timing 
  11 1pulse generator logic 
                                                circuit (T Il+'tM) . 
  10* - Since No and Nn of T]]th. t 
                                                     are large, their data are 
91listed above separately. 
  8 3 1 
 71 3 2 N
n ------------------------------- 
  it 6 2 1 3 5 4 4 
 51 212 5 21 13 
    4 2 2 2 3 7 23 5 5 4 8 2 11 
  3 3 1 6 12 9 9 5 2 1 22 
   2 3 8 14 31 38 14 6 61 1 2 1 2 
    1 17 52 36 26 30 10 2 6 2 2 2 3 1 4 1 3 1 2 1 
     0 304 X189 60 50 44 28 15 14 12  5 17 5 2 4 2 3 10 
         0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 214*
--> No 
     (2) Data when design was finally completed (October 12,1959; afterwards 
        there was a slight change of data due to correct ic_is of logic circuits 
during* the adjustment) . 
     7 
;, D flip-flops for borrow 
Nn 6 3 1 4 7 2 3of sub-1 counter at 2.Q 
                                                      and IRs. 
   t 5 1 11 3 6 5 2 1 
3* Number of D flip-flops 
     4 4 2 3 1 11 21 6 4 8 2*whose outputs are solely 
                                                      connected to buffer amp-
     3 2 2 5 12 3 12 4 3 1lifiers. Fan-outs connected 
                                                    to buffer amplifierrare
     2 4 9 7 25 36 19 3 3 1 2not counted in No and Mn. 
     1 944 51 35 25 14 4 10 4 3 5 
     0 534132519 89 86 68 39 33 13 21 17 14 27 2 
          0 1 2 3 4 5 6 7 8 9 10 11 12 13 --~ No 
  Fig.6.8 -Distribution of the number of D flip-flops of the KDC-I when the 
numbers of their ON and NOT fan-outs (No and Nn respectively) 
            are taken as variables.
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Ghapt er 7 
CI CULT'S OF THE COI.PI?T. 
7.1 Introduction 
     The operating performance of electronic circuits, especrally of basic 
logic circuits, used for a commuter plays c,.n _e ortan , role ie the overall 
performance of the computer. Characteristics of basic lo; c circuits 
provide a liT:it of the performance of a systere which uses the. A drastic 
improvement of the computation speed could only be echieeed by develops.ents 
of new basic logic circuits. A basic logic circuit of the I'.00-I operates 
at 230 I-c/s, while today a new element at the develcpe ntal stage is reported. 
to operate at several hundred Nc/s, which hints a possibility to construct a 
very high speed co:.;pu •er. 
     Another important factor is reliability, since many boeic logic 
circuits are used for a computer and the computer must exhibit very high 
reliability, e.g., a single failure could introduce errors which invalidate 
A 
the final solution. 
    At the time of the design of the KDC-1 several computers which used 
vacuum tubes, parometrons or transistors bad already been constructed at 
a few research laboratories in this country- However, some of then. were 
reported to be having trouble concerning the reliability. There was not 
enough time to develop a better basic logic circuit at that time, and 
decision was made to use an element which had proven characteristics and 
reliability. A transistorized basic logic circuit developed by the 
Electrotechnical Laboratory of Japan (ETL type logic circuit)(Ni 1), which 
is a transistor version of the basic logic circuit used for the SEAC computer 
of National Bureau of Standard (f.L'.S.) of U.S.'.. which uses the trnamic 
circuitry techniques (El 1), was chosen as a basic logic circuit of the 
KDC-I after comparing the operation speed, flexibility in logical design
, 
t
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  and  so on with those of parametrons. 
      The overall operational reliability of a digital computer depends 
  upon design techniques, operating and maintenance techniques. The achieve-
  ment of reliability was a goal that was persued from the very beginning of 
  the design. Characteristics of the _TL type logic circuit was fully studied, 
  and some modification to the circuit was made to improve its characteristic. 
  Next, efforts were exerted to minimize the 71 rim.t_on of characteristics of 
  each basic logic circuit. The performance margin of all basic logic circuits 
  used for the computer was measured and the output pulse width of each circuit 
  was adjusted.. yoreover, the same kind of margin was measured on a group of 
  logic circuits which forms each registes of the computer. After the comple-
  tion of the computer, marginal checking is periodically done to verity the 
4' 
  performance of the computer. A new unit to display the performance margin 
  of the basic logic circuit which was suggested by the author was constructed, 
  the details of which will be discribed in chapter 8. 
      About 5,000 transistors and 20,000 diodes have been put into use. 
  Various electronic circuits were designed. The main circuits are: the 
  transistorized basic logic circuit, clock pulse supply circuits, buffer 
  amplifier, read and write circuits and band decoder circuits for the 
  magnetic drum, circuits to connect the I/O components, lamp circuits, switch 
  circuits, circuits related to magnetic cores, circuits related to magnetic 
  tapes and power sun^ly circuits. 
       In this chapter, the basic logic circuit of the computer, the performance 
 margin of the basic logic circuit and of a group of basic logic circuits will 
  be described in the first place. Next, a buffer amplifier and some other 
  circuits which are thorght interesting will be described. 
0. 
  7.2 Basic Logic Circuit of the Computer 
      The dynamic circuitry techniques was first adopted by the National
  Jg-3 
   Bureau of Standards  (N.B.S.) of U.S.A.  for its SEAC and DYSEAC computer, 
  though the idea was suggested in the preliminary report on the UNIVAC (El 1). 
   Although this is a vacuum tube version, its principle is very attractive as 
   a basic logic circuit. A transistor version was reported by J.H.Felker in 
   1952 (Fe 1) . Another transistor version was suggested by S. Takahashi 
   et al. of Electrotechnical Laboratory Of Japan. After carefully studying 
   the performance of this ';TL type logic circuit, some modification was made 
   to improve its characteristic, and this modified circuit was used as a basin 
   logic circuit of the computer. After a time, the Computer Control Co. of 
   U.S.A. has also announced the one which operates at 1 Tc/s (Pr 1). 
       The logical property of the basic logic circuit of the computer is of 
   the delay memory element or the D flip-flop with input gates which perform
   logical operations (Ph 1). 
       In Fig. 7.1 the circuit diagram ofythe basic logic circuit is presented. 
   Since most of the circuit operations are the same as that of the original 
ETL type logic circuit (Ni 1), only the principle and a new feature of 
   this circuit are given. The logical AND and logical OR are performed by 
   diodes at the input. There are two kinds of packaged basic logic circuits: 
   type A6 and A7. There are also three kinds of packaged diode (-resistor)-
  gate circuits : type D8, D9 and D11. The circuit diagrams of the type D 
   packages and their logical diagram symbols are shown in Fig. 7.2. Logical 
  properties of diode gates of the type A and D packages are as follows: 
  Type A6 package : U X5 X6 U (outputs of the type D packages), 
  Type A7 package : X1...X6 U (outputs of the type D packages), 
  Type D8 package : X1...X5 U X6...X10, X11.. X15 (it has two independent outputs);; 
  Type D9 package : X1X2X3, X4X5X6, X7X8X9, XXOXl1X12= 
(it has four independent outduts), 
  Type nu package : X1 ...X6 , X7 ...X12, (it has two independent outputs), 
here Xi(i=l,2,...) is an input logical variable.
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Fig.7.1-Circuit diagrams of the basic logic circuit of the KDC—I 
and their logical diagram symbols.
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Fig.7.2-Circuit diagrams of the type D packages 
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        By connectingpins of the A and D type packages properly, it is 
    possible to construct a logic circuit of various complexity. All logic 
    circuits of the KDC-I are constructed from these five kinds of packages. 
    The maximum available number of fan-ins and fax-,-outs of the basic logic 
    circuits was decided first from circuit analyses (Ni 1) and finally by 
    referring the results of experiments. However, the logical design had 
actually been conducted under rather severe restrictions on the r_laxir_tun 
    available number of fan-ins and fan-outs of the basic logic circuit so as 
    to get a wider performance margin of the circuit. The actual condition for 
    the fan-ins or this AND-OR (second-order expression) gate circuit is as 
    follows: 
         AND - gate : no more than 6 inputs (to one OR-gate input), 
         OR - gate : no more than E inputs (to the transistor P_.:plifier). 
    The actual condition of fan-outs of the A type package (which has both uN 
    and logical. NOT outputs) is : 
No + Nn < 13, 
6 = Nn 0 and No > 0, 
Where No is a number of ON outputs and ?Jn is a _fiber of rOT output$'. 
         Each type of circuits is assembled on a plug-in type printed card and 
3 is packaged with a metal frame. In Fig. 7.3 views of the type A7 package are 
     shown. 
         The output from the diode-gate circuit or one bit of infor,.ation is 
ter.poraril stored in the capacitor Cl (or delayed). If one bit of informa-
    tion is a binary "1", e negative puke is applied to the C, and the Cl is 
charged.. If it is a binary "0", a .lse is not applied and the Cl is not 
    charged. Next, by strobingpvlse,the charge of the Cl is tested and reset. 
    If the Cl is charged or a binary "1" is stored, the strebin" pu .Se triggers 
   the transistor one-shot bloking oscillator; if the Cl is not charged , it 
    is not triggered. The output impedance should be kept low since it is
 $  -? 
  +~:----- mss-.                 •s#45440* 
     WA^sy.:~M 
                                       .^..~"•IP 
fi 
.                                    i 
         i•~rw s.^~• 
       ,F\'.ice            y-•Cr.tt .N:li. 
                ~-= 
                                    1
        ~7.^•sue. r"-41 
     J r Js1~r ag 
        A). A` k 0 - -,,,rrq 
                                 z 
           e_ ".'Ms- v .. 
I--e 
: ig.7.3-View of type A7 package (basic icgic circuit of the KDC-Z). 
         Eighteen-pin 90- by 110-mm card, with metal frame.
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    connected to the diode-gate circuits. For this  purpose a transfomer is 
    used. The output pulse width can be adjusted by choosing the proper value of 
    the variable resistance R8. 
        The new feature of this circuit is the addition of the diode D6, the 
    coil CH ^nd the resistor R2 across the terminals of the information storage 
capacitor Cl and -1.7V, which was developed by Prof. T. Sakai and Prof. 
    H. Hagiwara. of Kyoto University. As described in the above, one bit of 
    information is temporarily stored in the Cl,then tested, and the charge of 
    the Cl is reset. This process is repeated. However, without this circuit, 
    the charge of the Cl is not satisfactorily reset and the performance margin 
    of the circuit depends on a pattern of input pulse train to a considerable 
    degree. This circuit greatly facilitates the discharge of the Cl at the 
    end of thestrobing puke, or the charge of the Cl is reset to a satisfactory 
    degree by the use of this circuit. 
         The maximum allowable length of wire connected between input and out-
    put terminals of basic logic circuits were determined by experiments. The 
connectability of terminals of a fer:ale connector for a circuit package or 
    the appropriate maximum number of wires which can be connected to the 
    terminal is two as a rule. Thus in the case of the KDC-I all ter finals or 
    nodes are connected with one line. 
Themaximum allowable length for the ON,OT or diode-gate circuit 
    output (which is connected to the OR input ) was decided A'S follows : 
    for ON output : actually no restriction within the racks of the computer, 
    for 1101 output : approx. 200cm in the case of the ordinary wire, 
approx. 500cr in the case of the low-capacitance wire 
                    (actually red insulation tube is covered), 
    for diode-gate output : approx. 30cm in any case. 
    7.3 Performance A'argin of the Basic Logic Circuit 
        The marginal Checking was developed by Lincoln Laboratory of i .I .T . (Gr 1)
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 and it has been extensively used in the disign phases of computing systems, 
 as well as in day-by-day operation of such systems. 
     In the case of the basic logic circuit the supply voltage for the 
 transistor emitter (Ve) and the peak voltage of the strobing pulse (Vsb) are 
 considered to be the two most important marginal checking perarneters of the 
 circuit (though in reality there are many parameters that vary simultaneouse.ly), 
 since they are related to the most delicate functions of the circuit. Thus, 
 in practice, the following measurement is performed. A train ofptlse s is 
applied to the input of a basic logic circuit, and values of these voltages 
 as marginal checking parameters are varied, then the region of satisfactory 
 operation and the region of unsatisfactory operation are measured by observ-
 ing the waveform of the output pulse trains on the screen of an oscilloscope. loscope. 
 Results obtained are plotted on graphs in which the Ve is taken as abscissa 
 and the Vsb as ordinate. This Ve-Vsb graph can also be displayed directly 
 on the screen of a cathode-ray tube by the display unit which is described 
 in chapter 8. 
     The Ve-Vsb graph is important, since the operating states of most cam-
 ponents of basic logic circuit, e.g., resistors, condensers, diodes and 
 the transistor, can be learned from it. Thus the Ve-Vsb graph will be 
 called the performance margin of this basic logic circuit. The graph is 
 used as the basis for the selection of basic logic circuits. 
     In Fig. 7.4 a typical Ve-Vsb characteristic or perforrnnnce margin of 
 the basic logic circuit ande, criteria for the selection of basic logic 
 circuits are presented. All basic logic-circuits are selected under these 
 criteria. It is hoped that any logic circuit which consists of manythese 
 basic logic circuits will have the margin whose boundary is the inner 
 envelop of the boundaries of margins of these basic logic circuits. In 
 reality, however, it becomes smaller than that expected, since there would 
be much noise on dc po::F_ r supply lines, much deterioration in waveforms,
 0 
             (Typical performance margin) 
-4 ------------------------------------------------------ 
              //(5) // 
    Vsb -3  (Volts) -1.4 ;1l:I3.l,i'                                                       2.7 
               -2.6 /y 
            -2 
-1-2-3 
                              Ve (Volts) 
          (Criteria for the selection of basic logic circuits) 
           1. The output pulse width at -1V level should be adjustedln 
              2.05 us when Ve = -2V and Vsb = -3V. 
            2. When Vsb a -3V, Ve margin must be (-2.6 t 0.1 V -- -1.5 4-0.1V). 
                                                                          3. When Ve = -2V, Vsb margin must be no less than the range
(-3.6v -- -2.6V) . 
Fig.7.4-4ypical performance margin of basic logic circuits and 
              their selection criteria. 
•^-
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    and so on. The performance margin of the YD of the KDC-I which consists 
    of four 12-bit ring counters, in the case when only one pulse recirculates 
    in each counter, is shown in Fig. 7.5. The result is satisfactory in the 
    sense that the overall margin is not deteriorated from that of a single 
    circuit. The same land of margin was measured on all registers and counters 
    of the KDC-I. The results were not so different from that shown in Fig. 7.5, 
,6 except that of the I . Fig. 7.6 shows the perfor^ ance margin of the J• Q, 
    four 12-bit ring counters with a decimal adder, a corzplementer and an add/ 
sub.-1 counter, consisting of about 60 basic logic circuits. It indicates 
    that in the case of the addition at the ?'Q the margin was greatly decreased, 
    although there is a result. that the addition at UA does not appreciablly 
    affect the overall margin of the UA. It was, however, not possible to 
    trace the cause at that tipe. 
         After the completion of the computer the performance margin was'y 
    measured while one hundred places of natural logarithm e were being 
computed repeatedly. The results were : 
        Ve margin: -1.7V 'N.-2.2 V, when Vsb..-3,15V 
       Vsb margin: -3, OV -.. -3, 25V, whenVe. -1.9V 
         Since it is not simple to vary the value of the ''sb and since it is 
    possible to estimate the approximate Vsb margin when Ve margin is known, 
    only Ve margin is measured once in a month as the marginal checkingof the 
Computer. The Vsb is kept at -'.l'-, and the Ve -1.9V in d6H)--da7,, operation 
    of the computer. The logic circuit of th computer consists of about 1400 
    Type A packages, about 400 Type T) packages ,an'' about 12.0 buffer amplifiers 
(which are described in the next section) as described in chapter 6. The 
torelance of the 'e of a single basic logic circuit when vsb = -3.15V is 
approximately 1.17, while it is 0.5! in the case of e logic circuit con-
    sisting of about 1400 basic _Lon;ic ircuits. 
         The Ve nar!7ir_ varies with ti: e, taro-ycardata. of Ve margin are shown
                                                           a_12. 
 Vsb 
 (Volts) --------------------- 
  ?I/  
-3 ----------------------- 
                                            25°C 
Feb.23, 
                                              1960. 
          -2 
-1-2Ve (Volts) 
Fig.7.5-Performance margin of the MD of the KDC-I (four 12 bit ring 
          counters, consisting of 4&basic logic circuits). 
Measurement was performed when only one pulse recirculated 
           in each counter. 
       Vsb 
     (Volts) 
-3 ---------:///'/C):1 
 — ------ 
                                                   Feb.27, 
                                              1960. 
-2 ------------------------------------------------------ 
-1-2 Ve (Volts) 
Fig.7.6 Performance margin of the MQ of the KDC-I (four 12-bit ring 
        counters with a decimal adder, a complementer and an add/sub.-1 
        counter, consisting of 64 basic logic circuits). 
p : when only one pulse recirculates in each regist'r. 
: when the addition of randam numbers is performed.
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7 in Fig. 7.7 which have been measured at the Computation Center (this period 
    corresponds to the life t'e of the serial number 625 magnetic drum).
7.4 Buffer Amplifier 
          The number of fan-outs required for a basic logic circuit in case of 
     logical design varies considerably; e.g., the output signal of a particular 
     logic circuit used in the ti-ing pulse generator logic circuit should be 
     transmitted to about 100 inputs of other basic logic circuits. For this 
     kind of situation, a buffer amplifies which has a current gain was designed 
     by Mr. Ochiai and Mr. Takase of Hitachi, Ltd. during the time of the logical 
8 design of the computer. In Fig. 7.8 the circuit c _.agram of the buffer 
     amplifier and its logical diagram symbols are illustrated. The buffer 
     amplifier is logically an invertor without a time delay, though actually 
     there is a tire delay of approxiscatel ; 0.10}zs which has no effect in the 
high. impedance 
   actual operation oflogic circuits. It has onAin 
     which accepts either ON or Is OT output signal, and h' s two equivalent outputs, 
     each of -hich can drive no greater than 10 in'uts of basic logic circuits 
assemble in any parts of any computer racks. The author was not quite 
     willing to use this circuit since the same thing could be done , ith a much 
sir pier circuit. The author suggested to attach emitter-follo-'-wer circuits 
     to Type A package, which was not realized at that tire. However, it 1.-.es 
                                          a. 
     reported that suchAcircuit, as developed and used. in 1,11-1;0 2206 computer of 
Nippon :electric Co.yLtd.(;'i 1). 
    7.5 Some Other Circuits  
'aricue electronic circuits were designe,, but most of them were 
     rather convention71 ones. However, the read amplifier of the photo-electric 
     tape reader (PIT) suggested by the author should be ),cry- here . The 
circuit it:elf is also a conventional tra.nsi.-tori:.ec Sdtiaidt ci •cuit (or 
    voltage comprratcr), but the application of its special function to the 1 Th
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24.111. •ik 20 
27.I.1963• Power—.. 21 
                                  supply 
25.I1.. readjusted _ 15 
1.17.I,, i •i 0  16 
Fig.7.7 Variation of the Ve margin of the KDC-I with time measured 
        while one hundred places of the base of the natural logarithm 
         e were being computed repeatedly. 
        Ve : Supply voltage for the transistor emitter, 
        Veo: Set value of the Ve, 
        Veu: Upper boundary of the Ve margin, 
Vel: Lower boundary of the Ve margin.
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        Fig.7.8-Circuit diagram of the buffer amplifier and 
                 its logical diagram symbols.
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     is  considereH new and i ut resting. 
          The FTR reads pro^rru s or r'c.t -. at the r• to of PJf ch-,r-cters/roc . 
':Then the instructi on (= /14) is e°ecutcw, 1!: char2cters or less are read 
     by the FTP continuously. The rm is designed to read even one character by 
    the i nstruction(PIP,/ 1), which ~ ute r—ther severe operating ccnditien to the 
          since the information density of paper tape is 4 chrr"cters/cr . 
          The output of the Photo-tra.nsi_stor of the vhich detects sprocket 
     holes is reshaped by the :Schmidt circuit, the treil*n>- edge of the output 
     of the Scheidt circuit is u,W, as the informati-n that one charectcr is 
     read. The paper tape should stop as where the detector situates between 
th, neighbouring sprocket holes. It often stops, however, as where the 
     detector situates on the edge of the next sprocket or the out nut level of 
    the rhotc-:,r nsistor is near the triggering level of the Schmidt ci cui t .
     Since there are mechanical vibration, anise, etc., the output of the 
Schmidt circuit can be turned on rid, off ny the (Chattering), which causes, 
     though r^.re, un'.'etectrd erro 's in read ororations. 
o solve this neobler the backlash or hysteresis characteristic is 
     given betwreer the CN and OTI'' triggering levels of the Scheidt circuit whose 
voll;aee difference is set greater th n that of noise by incr asirn the 
    feedback loop gain of the circuit. By this uny the chattering was prevented. 
     The Sol-v[idt circuit with the hystereses characteristic is net : c:v, however, 
    it can be sad that this r^ther -uretion of the c .'C it ~Ias
     suitably aerlied to solve the "enabler.
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                             Chapter 8 
       A UNIT TO DISPLAY THE PERFORMANCEMARGIN OF THE BASIC LOGIC CIRCUIT 
    8.1 Introduction 
        It should be pointed out that the remarkable progress in the field of 
    electronic digital computers owes greatly to the progress in the field of
    measuring instruments. vlithout the high sensitivity and wide frequency bard 
    oscilloscope, it would be almost impossible to construct high speed large 
    scale computers. Various instruments based on various novel ideas have been 
    made to date in the field of computers. Among them are the sampling oscillo-
    scopes, memory core testers, core matrix memory plane testers, etc. 
         A new instrument which was suggested by the arthor was constructed to 
    display the performance margin of the basic logic circuit of the computer-
    In this chapter details of this unit will be described. 
         From the aspect of the construction of a digital computer which usually 
    consists of many basic logic circuits, the measurement of the performance 
    margin due to the change of marginal checking parameters of the basic logic 
    circuit is especially important, and is customarily done for all basic 
    logic circuits. Circuits which satisfy a pre-established condition of the 
    performance margin are selected and used. 
         Point-by-point measurement is very troublesome and moreover inefficient. 
    By using this display unit, it is expected to become much easier 
    (1) to measure the effect due to variations of values of various parameters 
        such as the width of an input pulse and so on, and 
    (2) to measure the performance margin rapidly so that all basic logic circuits 
        used for a computer can be easily examined to a satisfactory degree. 
        Furthermore, by tippling the same principle used for this display unit 
    it is expected that
                                                                           h-2 
(3) it is possible to construct a  performance margin display unit for other 
   types of logic circuits, and 
(4) not only the performance margin of a basic logic circuit, but also that 
   of more complex logic circuits consisting of many basic logic circuits 
can be displayed. 
    In the following sections, marginal checking parameters of the basic 
logic circuit, the principle of the display, the organization of the display 
unit, errors in the measurement, an example of the display and the application 
of the principle will be presented. 
8.2 Har_inal Chec : _ Parameters of the Basic Lo?ic Circuit 
Concerning the basic logic circuit of the KDC -I,i.e., the transistorized 
dynamic flip-flop circuit whose functional details were presented in the 
previous chapter, the supply voltage for the transistor emitter Ore) and the 
peak voltage of the strobing pulse (Vsb) are considered to be the two most 
important marginal checking parameters of the circuit. Thus, in practice, 
the following measurement is performed. A train of pulses is applied to the 
input of a basic logic circuit and values of these voltages as marginal 
checking parameters are varied, then the region of satisfactory operation 
and the region of unsatisfactory operation are measured by observing the 
waveform of the output pulse trains on the screen of an oscilloscope. 
Results obtained are plotted on graphs in which the Ve is taken as abscissa 
and the Vsb is taken as ordinate. 
    This Ve-Vsb graph is important, since the operating states of most 
components of the basic logic circuit, e.g., resistors, condensers, diodes 
and the transistor, can be learned from it. Thus the graph is used as the 
basis for the selection of basic logic circuits. Instead of writing the Ve-
Vsb graph by plotting data one by one, the graph can be displayed on the 
screen of a cathode-ray-tube by applying the principle suggested by the author.
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8.3 The Principle of the_DisElaa 
    In Fig. 8.1 a block diagram of the display unit is shoran. Each func-
tional unit in the block diaTrnr will then be presented in turn. 
TC : Pasic logic circuit under test. 
ST : Basic logic circuit used as a standard for comparison. 
PG : Pulse generator which generates airain of pulses which is applied to 
     the input of the to basic tonic circuits TC and. ST. 
CC : Coincidence circuit which tests the coinciodence of P. proper sequence 
     of output signal fror the TC with that from..- the ST. 
PSE : Power source for the emitter of a transistor of the basic logic cir-
      cuit whose voltage Ve is periodically varied within a proper voltage 
       range. 
SPG : Strobing-pulse generator, the peak voltage (Vsb) of which is periodical-
     ly varied within a proper voltage range (or modulated ) by the output 
      of the PSG described below. 
MSG : Modulation signal generator. 
CRT: Cathode-ray tube (or used as a cathode-ray tube oscilloscope). 
    The output voltages of the FSE and the MSG are applied to the horizontal 
and vertical axis of the CRT (oscilloscope) respectively. The speed of 
variation of both voltages should be so chosen that it is possible to 
obtain a suitable raster on the screen of the CRT. In case of the actual 
display unit, the output of the PSE is the modulated one with a 50c/s 
sinusoidal wave; and the output of the ^:G is a saw-tooth wave whose rate 
of repetition is 1/2 c/s. Furthermore, by the output of the CC, the beam 
intensity of the CRT is modulated. In case of the actual display unit., the 
test of the coincidence is done approximately every 52}xs. If coincidence 
is taken or the TC is operating normally, the spot on the screen of the CPT 
is i..11uriinaated. Otherwise, the slot is not illuminated. The location of 
the spot on the screen of the CRT is decided by the corresponding voltages 
of the Ve and Vsb. Thus the regicn of normal operation. of the Ve-Vsb 
characteristic is illuminated on the screen of the CRT. 
     Because it is simple to observe the Ve-Vsb char7 cteristic by using
 S 
PG
TC ------ C C        • I) .1 
(Vsb) (Ve) 
PSE -----------------------~ ----------I CRT 1--
     79 
MSG j  
Fig.8.1-B1ock diagram of the display unit.
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 this unit, it is expected to become much easier to measure the effect due 
   to variaticTns of vr.rious otter parameters such as voltage, wavefon , 
operating frequency, the condition of fan-ins and fan-outs, etc. '!-oreover, 
  the performance margin is slightly affected by the pattern of a train of 
   input pusses in most cases, though it is undesirable. Thus it should be 
   regarded that the pattern of a train of input pulses is also a kind of a 
parameter to the Ve-Vsb characteristic. In an actual display unit, repeti-
   tion of a 12-bit pattern is used (which corc.esponds to the repetition of the 
same pattern approximately every 5:),ps, i.e., the one word time of the cor.- 
   puter! . 
        Since the principle of display can be regarded as based on a sort of 
coy parison method, it is possible to display not only the performance margin 
   of a basic circuit, but also that of more complex logic circuits consisting 
   of many basic logic circuits. :oreover, it is important to display the 
performance margin when the 'OT output of a basic circuit is applied to the 
   input of the TC.
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8.4. The Ore,anization of the Display Unit  
         A display unit based on the nrinciple described in 'the previous section 
    was actually constructed and completed in 2 ay 1960. In this section the 
    actual display unit is described in detail , 
         In Fig. 8.2 a view of the display unit is shol:r., and in Fig. 8.3 an 
ex rple of the Ve-Vsb charr'cter'_st _c: of the basic logic circuit of the co. - 
    puter is displayed on the screen (diameter : ca. 12Cmm or ca.. 5") of the
    CRT of the display unit. 
         The unit is mounted on the 19" standard rrck as shown in the figure, 
     and consists of four parts. From tor to bottom they are: - 
     (1) Pulse generators which are used for all circuits of the rni.t. The 
     repetition frequency and the width of a pulse can be vaired. 
     (2) Display subunit which contains a CIIT, modulation circuits, etc. 
    (3) DC power supply. 
    (4) Logic circuits which form the CC, PG. etc. 
         The main features of the display unit are ;-
     (1) The Ve and Vsb are varied automatically in the proper voltage range so 
     as to get a proper raster on the screen of the CRT.However, they c Pn be 
     varied manually after setting an anto/manual switch. 
    (2) The Ve and Vsb can be calibrated on the screen of the CRT. 
     (3) Other parameters beside Ve and 7.rsb can be chosen. For a:avr:nle, the 
     number of fan-ins and fan-eute, voltage, wa.vefron,frequency, or artificial 
     noise superposed on Ve can be a third parameter. 
     (4) Check-point terminals rire established on importantparts of the circuits 
     of the disr-lay unit. 
     (5) The 120rrnr(5") d_iarreter long persistence C;rT is used (since errors 
     originating in the measurement decrease as the speed of the sw-en decreases) . 
     (6) '.1ith some r,odificaticn of the isplay unit, it fis possible to measure
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  •~ not only the performance margin of a single basic logic circuit but  also
      that of logic circuits consisting of several basic logic circuits. 
           The details of the main functional units are now described by refer- 
          the block diagram of Fig. 8.1. 
      1. PG : Pulse  Generator 
           A tweleve-bit ring counter composed of basic logic circuits is used. 
      Thus any 12-bit pattern can be set in the counter, and the output from it 
      becomes the repetition of this pattern at approx. every 52}is. For example, 
      the following train of pulses or pattern is used, i.e. 101111111111. It is 
      obvions that any other train of pulses, e.g., a random pulse train, can be
used. 
      2. CC : Coincidence Circuit 
•^ This is a most problematic circuit, since it performs the comparison 
      between the normal output of the standard basic circuit ST and the output 
      of the tested circuit TC under the condition where the normal operating 
      state of the output of the TC can not be defined uniquely. Thus a com-
      promise is made from the practical point of view. 
           In some cases, the waveform of the output is distorted, and error 
      might occur at the input of the next stage. Thus this can be used as a 
      criterion. I.e., if it is accepted by the normally operating basic logic 
      circuit whidh is cascaded to the tested one, it should be regarded as a 
      satisfactory output. If it is not, then it should certainly be regarded 
      a dissatisfactory output. 
           One more point is the interval of the test of coincidence. Apparent- 
       ly it should neither be done at every one-bit time, nor at extremely long 
      intervals. However, it is known from the practice that the test of 10-bit-
      time interval is satisfactory,'since the Ve-Vsb characteristic is scarcely 
Y 3, affected by increasing the interval of the test. An interval of 12-bit
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time is chosen since it corresponds to 12-bit ring-counter type registers 
of the computer. 
    A repetition pulse of very long interval can be generated and the test 
of very long interval can be performed. This feature is useful when the Ve 
and Vsb are varied manually. 
    The actual circuit of the CC is shown in Fig.3.4 together with the 
PCB the ST and the PG. To is the test pulse of a 12-bit interval or 52}zs 
interval. CC1 and CC2 are coincidence logic circuits which test the 
coincidence of 11-bit pulse trains of the ST and the TC. If the coincidence 
is met, CC2 is fired and its output is amplified by CCA, and its output 
modulates the intensity of the beam of the CRT. Moreover, the CCA performs 
the blanking during the time interval between Vsb sweeps. 
3. PSE : Power Source for Emitter  
    The sweep of the Ve is performed by 50c/s sinusoidal wave synchro-
nized with the commercial ac line frequency (50 c/s in the Kanto district, 
60c/s in the Kansai district, this display unit is now being operated in 
the Kanto area). The Ve changes in the range (-3V, -1V). The use of the 
50c/s sinusoidal wave has the advantage of reducing the effect of ham. 
4. SPG and MSG : Strobing Pulse Generator and 't•'odulation Signal  Generator 
    The output of the SPG is the strobing pulse modulated by 1/2 c/s 
saw tooth wave. The Vsb changes in the range (-2V, -4V). The Signal is 
sent to the CCA for the blanking of the CRT during the til-e interval between 
Vsb sweeps. 
5. A Ve Vsb raster on the CRT screen 
    The CRT used is the type 5ABP2, 120nm or 5"" medium persistence (low 
level persistence lasts for a long period) cathode-my tube. 
    Since Ve : 50c/s,and Vsb : 1/2 c/s, a mster of about 200 horizontal
 p 
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     lines is obtained. The sweep of the Vsb is not synchronized. 
          Because the test is done at every 521is and time needed for a sweep of 
     a single horizontal line is lQns, a horizontal line consists of 200 test 
     spots. Thus a raster consist of 200X 200 test spots. 
         The deflection factor of the CRT is 2cm/V which is scaled on an 
illuminating graticule.
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8.5 Errors in the Measurement  
     As is described in previous sections, the principle of measurement 
is based on a variety of conditions. However, these measuring conditions 
may be considered appropriate since they are not far from being the actual 
 operating ones. 
     The apparent error in the measurement is caused by the sweep in relation 
tothe tii:e interval of the test. The sweep speed of the Vsb is very slow, 
 thus causing no problem. However, the sweep speed of the Ve is not so 
 slow, and its effect can be estimated as follows: 
Let Ve Vo sin2lift + Veo, 
     Where Vo = 1 volt, f = 50c/s and Veo = -2v. 
Thus, AVe = 21f Vo cos 27rft 
 and Vax(oVe) = 21rf Vo. o t, 
which corresponds to the center area of the screen of the CRT. 
Let v t = 52)is, then a Ve = 16mV. 
 The beam sweeps from left to right and back on its return. Thus near the 
center of the screen of the CRT there is an error of the order 2AVe 2;32mV. 
       The deflection factor of the CRT is 2cm/V, and 10CnV scale is given 
 to the g,raticule. Thus the error causes no serions problem. However, 
 there is a slightly larger error than is estimated at.the periphery of 
 the norriaily oprating area. No exact reason is found for this phenomena. 
 However, it is assumed that there might be a hysteresis in the operation 
 of the basic logic circuit with regard to the variation of the Ve. 
 8.6 An Example of Measurement  
     Marginal checking parameters of the circuit is the Ve and the Vsb. 
 Fig. 8.5 shows an example of measurement when the width of an input pul,Sye 
 is taken as a third parameter.
 1.1- 
                             T *The pulse width is changed 
----- /,Qin this circuit.                                              A
mbient temperature: 23.5°C. 
                                             A train of input pulses:
                                           repetition of the following
                                             12-bit pattern:-
                                          101111111111.
                      1/Test interval : 12-bit tinge                                                             or 52)ks. 
                        Waveforianpuule. 
                AramT4.35ofJ~s,in(23tokcpfs). 
0Pulse width,            ®ii1: 2.05 Ks, 
   -1V1.45 use 
        /1/11,231.10ys. 
0 -4 °
C) 
                                  VSb 
3 
               I
( Volts) 
Iry _2
' --2 -3 
Ve (Volts) 
Fig.8.5-Ve-Vsb characteristic with input pulse width 
                taken as a parameters
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 8.7 The Application of the Principle 
    Some examples of the application of this principle are presented by 
showing schematic diagrams. Fig.8.6 shows the method of measurement 
when a NOT output is applied to the input of the circuits. Alen the coupling 
between a read amplifier of a magnetic dim and a basic circuit is a 
matter of concern, the method shown in Fig.8.7 can be utilized. In 
Fig.8.8 the method of measurement of the Ve-Vsb characteristic of an adder 
is shown. 
8.$ Conclusion 
    The details of the display unit have been described. Various interesting 
applications of this display unit are possible. The principle of 
measurement can be applied not only to the dynamic type circuit, but also-to 
other types of logic circuit. For example, in case of a parartetron 
logic circuit, the dc bias current and the exciting voltage can be taken 
as two checking parameters, and a performance margin of a parametron can 
be displayed in the same way. 
    It was reported in January 1962 that a display unit for a static 
logic circuit based on this principle was constructed at Osaka University 
(Ha 1).
 -  is 
ST 
;r --‹1 O  
     }TC --- PGO •fCC st() O 
                             Ve Vsb 
Fig.8.641easurement of the performance margin 
                   when a NOT output is applied to the input.
Fr 
                                ST 
CC DrumTC f-' 
                        /OI 
r.' 
                            Ve VSb 
Fig.8.7 Measurement of the performance margin 
                   when the output of a read amplifier of
                    a magnetic drum is applied to the input.
CST) 
PG 1 ---------• Adder ------- 
(TC)  CC 
PG2 • ---- Adder ------ 
                    Ve Vs b
Fig.8.8Measurement of the performance margin 
                      of an adder.
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CONCLUSION 
        In concluding the thesis the r.:a1n points of the results of the 
    studies are presented. 
   (chapter 2) 
    1. An electronic digital computer, t'.e i.DC-I, was successfully completed, 
      which satisfies the specified functions and can he concluded to be a fairly 
       reliable computer from actual operation. 
           The installation of the i1 -I at the University was at the beginning 
      of =august 1960. After spending one month f .r the reassembly and for various 
      tests, the iiDC-I has been ptilised me maintained at the University. 
      Various interesting applications have been reported to date.
          The machine is functioning about 90 % of the total time that it is 
      turned on in spite of insufficient maintenance personnel. 
From our experience of its operation, the main causes of d;f+;cufty 
      were in the mechanical defects in the input and output components of the 
      machine. The most troublesome part was incomplete soldering at the 
terminals of the back panel logics wiring. Several transistors have 
      broken down. Lost of these breakdowns were due to incomplete evaluation of 
       their power dissipation. These circuits have now been remodeled and no 
       trouble has been registered from these circuits since then. However, some 
       of the faulty transistors showed unfavorable changes of characteristics 
      due to unknown reasons. Ho diode trouble has yet been recorded to date 
       in spite of initial anxiety. However, the speed of the computation 
       seems progressively slower as the amount of information to be 
        processed increases.
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 (chapter 3) 
  2. By providing a rather rich repertory of instructions and a decimal structure 
     to the machine, the programming for the computer (with machine or 
     symbolic codes) is comparatively easier than for other machines.
  3. Main features of the instructions are listed in section 3.3 of chapter 3, 
     which are not repeated here. 
  4. Instructions for logical operations were devised; thus it became possible 
     that not only operations between words or between decimal digits, but 
     also opera.tionnbetween numbers of different weights and between bits
can be performed. 
  5. Instructions for special operations are new types of instruction which 
     have interesting properties. 
  (chapter 4) 
6. A magnetic tape sister, was successfully completed, which satisfies the 
     specified functions, in spite of the difficulties at the time of the design. 
  7. There are about fifteen more items which should be described here, but 
     they are presented in scion 4.7 of chapter 4. 
  (chapter 5) 
  8. The simplest form of reading the initial read-in routine is shown 
     with a proof. 
  (chapter 6) 
  9. The logical design had been conducted under rather severe restrictions 
     on the available number of fan-ins and fan-outs of the basic 1k gic circuits . 
     (A portion of its effect can be found in rig.6.8)• 
 10. A method was devised to obtain the simplest normal function with a 
     restriction on the operation of an input gate in which no more thana sin e 
101 gate can send binary 1 at the same time. 
11. Arithmetic elements we_•e designed under the above restriction; it wa s
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   shown that in all examples the number of terms never increased, and only 
   a slight increase of the number of diodes is caused. 
12. Steps of the logical design and main design features are not repeated 
   here ; they are found in section 6.6 of chapter 6. 
(chapter 7) 
13. Some modification to the ETL type transistorized dynamic circuit 
   was made to improve its characteristics by Professor T.Sakai and 
   Professor H.Hagiwara. 
14. A procedure was set up in which the performance margin of all bast logic 
   circuits is measured, and then that of several functional blocks is also 
measured. By applying this procedure the adjustment of the computer is 
   likely to becane much simpler ( The thorough examination of the results 
   of logical design and the wiring of the computer is required). 
15. The emitter voltage margin of the whole computer fructuateswith tine, 
   however, it can be concluded it is very stable. 
16. The hysteresis characteristic of the Schmidt circuit was suitably 
   applied to solve the input circuit chatter problem of the photo-electric 
tape reader. 
17- It can be concluded that a transistor circuit is very stable, if it 
   is properly used. 
(chapter 8) 
18. A new unit to display the performance margin of the basic logic circuit 
   was devised and completed. It was reported in January 1962 that a display 
   unit for a static logic circuit based on this principle was constructed 
   at Osaka University.
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                    THE CONSOLE OF THE COMPUTER 
       A program tape is placed in the Input Unit (usually a photo-electric 
   tape reader), and the operator sets and/or depresses uitable buttons on 
   the operator's console. Then the computation (the read-in and the compu-
   tation of the program) begins and results are printed via the output com-
   ponents. 
        The operator's console or simply console is used for the supervision 
   of the computation, the machine check and adjustment. Buttons(or switches) 
   and lamps which are used for the supervision are placed in the front panel 
   of the console. The drawing of the front panel of the opei%tor's console 
   is shown in Fig.A . At the rear side of the console, the switches which 
   are mainly used for the machine check and adjustment are placed. 
        The functions of each lamps and buttons on the panel are described in 
   turn mainly from left to right part of the panel. 
        If the contents of a bit is one, the corresponding lamp is turned on 
   and if zero, off. 
(1) The display of the contents of operation registers and counters. 
       The array Of lamps under the name REGISTER is used. The first row of 
   the array has the weight 1 of the BCD. The second has 2, the third has 4
   and the fourth has 8. A register or a counter whose contents should be 
   displayed is specified by setting the button which has the name of the 
   register or the counter. 
   N.B. The c(LC) is displayed in the positions 9-v,  the c(IR1) in the positions 
1-4,  the c(IR2) in the positions 5-8,  and the c(IR3) in the positions 
9-v.  The LA overflow bit and the LA sign are displayed in the weight 1 
        and 8 of the position v regardless of the R-indicator state. 
   (2) The selection of the Input and the Output components.
       The selection is performed by the instruction SEL, but it is_also 
   possible to select them by depressing the buttons which have the 
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 corresponding names. If selected, the corresponding lamps are turned on. 
 (3) The manual execution of an instruction at the console. 
     An  instruction word is prepared by setting the REGISTER SET buttons in 
 the middle of the panel of the console. Before setting an instruction in 
 the OR, the computer must be in the state of HALT (confirm that the HALT 
 lamp is on). Then depress the OR CLEAR button and next depress the OR SET 
 button, by this way the instruction can be set in the OR. If the SS button 
 at the down right of the panel is then depressed, the execution of the 
 instruction takes place. And if the START button is depressed,thecomputer 
..takes the next instruction in sequence. So by this procedure the insertion 
 of an instruction intcya program becomes possible. 
 (4) The JSW Switches. 
      There are five switches S-1, ..., S-5. Thier function is described in 
 the instruction JSW. 
 (5) The Break Point Switch, 
     See the Break Point Part of the Computer Instructions. 
 (6) The AC overflow and the AC exponent overflow. 
      If the v position of the AC has a non-zero number in any case, the AC 
 OVERFLOW lamp.,4s turned on. If the v position of the AC has a number other 
 than 0 and 1 in any case, the ACEX OVERFLOW lamp is turned on. 
     If the AC (or ACEX) OVERFLOW lamp is on as a result of the fixed (or 
 floating) point operation, the computation stops if the AC(or ACEX) OV STOP 
 button is set on. But detail-6 are described in the Computer Instructions. 
 (7) The indicators 
     TheP lamp indicates that a P-type instruction (PSX, SOT, ILU) is being 
 executed. The R lamp indicates that a remainder is obtained by the division 
 (DVJ, FDJ). The TC lamp indicates that the dual parity error of the magnetic 
 tape is checked. The TE lamp indicates that the tape end of the magnetic 
 tape of the currently selected magnetic tape handler is being detected.
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    Details of each are described in the Computer Instructions. 
(8) The operation of the computer at the console. 
    The Power Switches for the drum and for the computer placed at the 
front part but not on the panel of the console are set on (and the lamps 
DRUM and POWER are on), the CLOCK button is then set en (the clock pulse 
is supplied to the computer), and next the TIMER is depressed (all timing 
in the computer is synchronized and generated). Then the computer is ready 
to perform computations. 
    At this time, all registers and counters,indicators and so on are reset 
to all zeros except the non-volatile memory (the N-bands of the drum, the 
core memory, the magnetic tape, while the Q-band of the drum are volatile, 
therefore reset to zeros) (Non-Volatile memory; Even if the power to the 
computer is turned off, the contents of the memory are retained and can 
be used when the power is turned on again.). 
    It is also possible to executean instruction manually by the way 
described in (3). 
    The START button, if depressed, starts programs from the location c(LC). 
The SS button, if depressed, advances only one step of a program or an 
instruction in the location c(LC) is computed. 
    The HALT button, if depressed, halts the operation of the current 
instruction at the end of its operation, and turns on the HALT lamp. The 
HALT lamp is turned on whenever the computation is stopped by depressing 
the HALT button, by some particular instructions, and by detecting parity 
and/or validity errors. 
    The STAGE I lamp is turned on during the instruction time, while the 
STAGE II lamp is turned on during the execution time. 
(9) The check lamps 
    If a validity error is checked, the VALIDITY CHECK lamp is turned on. 
If a parity error is checked at the core or the drum memory or at the input
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   register, the CORE, DM or INP PARITY CHECK lamp is turned on respectively. 
  (10) The TE button 
       The TE (Tape End) indicator is turned on during this TE button is being 
   depressed. Normally the TE indicator is on at the physical end of the 




Table I KDC-I I/O Characters 
   (1) Keys of the Console Typewriter
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   (2) Conversion Table of the Characters 
CHARACTER ALPHANUM. NUMER. CHARACTER ALPHANUM. NUMER. CHARACTER ALPHANUM.I NUMER. 
   (KEY ^MODE MODE (KEY) MODE MODE(KEY) MODE MODE  
  000 0 D21 5Y42 0 
  101 1 E22 6Z43 1 
  202 I 2 F23 7244 2 
  303 3 G24 8t45 3 
  404 4 H25 9*46 4 
  505 5 I26 0ER47 5 
  6i 06 6 J27 1NE48 0 
  707 7 K28 2SP.49 1 
808 8 L29 3CR •50 2 
  909 9 M30 4II I 51 I 3 
 +10 0 N31 552 4 
 —11 1 O32 0=53 5 
LF12 2 P33 154 6 
SP13 3 Q34 2/55 7 
 CR14 4 R35 3(56 8 
 (ER)15 5 S36 4)57 9 
     16 0 T37 1 5a)58 0
     17 1 CJ38 6a59 1
 A18 2 V39 7d60 2 
Fi19 3 W40 8761 3 
C20 4 X41 9862 4 
     LF (12): "line feed", ignored by tape reader, S1' (13): "Dace", ignored by take reader, CR (14): "carriage return and line feed", 
     ignored by tape reader, 
     (ER) (15): "erase" for 6-unit tape, ER (47): "erase", NE (43): "sprocket hole or space", ignore y tape reader, SP. (49): "space", 
CR• (50): "carriage return and line feed"- 
as
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(3) 
            Table II Paper Tape Character Coding 
Excess-16 Binary Coded Characters 
    • •• • • • • • • 
     • • • • • • • • • •• • 
                 • • • • • • • • •
         • • • • • • • 
      • •• • • • • • • • 
    • • • • • • • • -
        0 1 2 3 4 5 6 7 8 9 d !3 W 6 w +- 1 
           • • • • • • • • • • • • • • • • • • • • • • • • • • 
      • • •• • • • • • • • • •
                                        • • • • • • • • • • • •
             • • • • • • • •• • • •
        • • • •• • • • • • • • 
     • •• • • • • • • • • • • • 
      • • • • • • • • • • • • -
          A B C D E F G H I J I< L h1 N O P 0 R S T U V W X Y L 
• 
  •• • • •• 
    • • •• • • • • • • 
  •• •• • • • 
   • • •• •• • • •
    • • • • • • • • • • •
  • ••• • • 
    • • • • • • • •
/ _ ( ) . # , t ? ' SP. CPC - SP CR LF NE EH 
o-weight 64 
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DEFINITIONS OF TI{E DC -I IN;3TRUCTIOI'IS 
Symbols and abbreviations used in this Appendix. can } round in 
chanter 3. Definitions of all instructions ar, a;.ven exec • that of Logical, 
 Special and La. ..neti.c ',Sane Operations which are described in ,,L~apter3 and 
4 respectively- However, only their tittles are given. 
     In this Appendix ;-
     B.1 Time Required for Computation 
     B.2 Illegal Instructions
     B.3 Illegal Addresses 
     P.4 Some Notes on Computer Instructions 
     B.5 The Definition of the Operation of Each Computer '._,,truction 
I 1
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B.1 Time Required for Computation 
    The time required for the computation of a program depends on time 
required for the computation of an instruction, and the sequence of instructions 
computed in a program. In the description of each instruction, the time 
required for the computation of each instruction is described. So the 
programmer can estimate the time required for the computation of his program. 
    Since an instruction is read from a Storage Register, and executed, the 
 time for the read or the instruction time and the execution time are required 
for the computation of one step of a program. 
    The instruction time is decided by the access time of the Storage 
l,egister from which the specified instruction is read, and is denoted as Ai. 
    The execution time is described in two ways according to the type of 
the operation of each instruction. 
(1) In case where an instruction refers at least to the Storage Register 
specified by the address part of the instruction, the access time, denoted 
as a data access time Aa, is necessary in addition to the operation time of 
the instruction, denoted as T. 
    Thus (T + Ai + Aa) is necessary for the computation of an instruction 
of this type. 
(2) In case other than the above, only the operation time of an instruction 
is necessary for the execution of the instruction. 
    Thus (T + Ai) is necessary for the computation of an instruction of 
this type. 
     The time required for the computation of each instruction is described 
in each of the computer instructions. Since the instruction system is the 
one and a half address system, the average access time can not be used always 
for the assumption of Ai and Aa. 
     Rigorous estimation of the computation time is tedious and moreover 
not so ijuortant in most cases, so the assumption is roughly made in the 
,a ..r
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following way (the average of the longest and the shortest computation time 
of an instruction is described, TLU and the Input/Output and Magnetic Tape 
Instructions are excluded);-
(i) Both an instruction and a data in N-bands of the drum memory;-
     Multiplication and division instructions - ca. 15ms; others - ca. 10 s. 
(ii) Both in Q-bands of the drum memory;-
     Multiplication and division instructions - ca. 8.75ms; FAD, FSB, FAA, 
     FSA - ca. 3.75ms; others ca. 2.5ms. 
(iii) Both in the core memory: T + Ai + Aa or T + Ai 
(iv) An instruction`vin a Q-band, and a data in a N-band;-
     Multiplication and division instructions - ca. 12.5ms; others which 
     need data access time - ca. 7.5ms. 
(v) An instruction in the core memory, and a data in a N-band, Aa - ca. 5ms. 
(vi) An instruction in the core memory, and a data in the Q-band, 
      Aa - ca. 1.25ms. 
N.B. The computation time is unchanged whether or not the modification of 
    the address of an instruction takes place. The time for the modification 




B. 2 Illegal Instructions  
        Every instruction has the corresponding 3-digit numerical code, and 
   the code is decoded and the instruction is executed. If a 3-digit number 
   other than the above codes is read for the decoding, which is called an 
   illegal instruction, then the following situation occurs in case by case 
   fashion (the details are not described, since it is not so important);-
   (1) The computation stops at the beginning of the execution time in most 
       cases, since the decoding becomes impossible (e.g. 000). 
   (2) The computation stops after doing some erraneous operations. 
   (3) The computation does not stop, but the illegal instruction functions 
      as if it is the instruction NOP. 
   (4) The computation does not stop, but the illegal instruction causes some 
       errors to the operation of some other instructions. 
       So the Illegal Instruction should not be used. 
B.3 Illegal Addresses  
        Since the address part of an instruction has four digits,and since the 
   address of the SRs are from 0000 to 4249, any number in the range 4250 -
   9999 is an Illegal Address when it is used to refer the SR. 
        The Illegal Address works as if there is a.phantom memory whose contents 
   are always all zeros. So in case of reading, zeroes are read from it. And 
   in case of attempting to write, the attemp is made in vain. Thus the 
   computation is not stopped only by this fact. 
        An error in programming often calls an instruction from the illegal 
address, and then the illegal instruction whose function part is 000 is 
   read and the computation stops at the beginning of the execution time. 
        The illegal address or a phantom memory could be used for various ways, 
   but it is highly recommended that it should not be used, because the extension 
op 
    of the memory capacity might be realized.
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B•4 Some Notes on Computer Instructions  
           Some notes described here are often useful in case of programming. 
      1. Switches and Indicators  
           There are some switches and indicators which relate to the operation of 
      some instructions. The states of these switches and indicators are equally 
      as important as the contents of registers and counters. As the contents of 
      registers and counters can be displayed on the panel of the console, the 
      states of these switches and indicators are also supervized at the console. 
           Details of each are described in each of the computer instructions, 
      and general information of each is given in the description of the console. 
      Beside these, there are some busy indicators, which are described in the 
      Magnetic Tape Operations. 
      2. Instructions Commonly Used for Both Fixed and Floating Point Numbers  
           The Fixed Point Operations are operated on fixed point numbers, and 
P° `t 
      the Floating Point Operations are operated on floating nwnbers. However 
      most of the other instructions are used commonly for both fixed point and 
      floating point numbers. For example, the Word Transfer Operations and 
      Block Transfer Operations are used commonly for both type of numbers. Even 
      the instructions CMP and TLU can be used commonly. 
           Caution should be taken in case the transfer of a word to the UA. 
      Since the instruction ADD/ does not transfer a number in the overflow bit 
      of a word, and the instruction FAD/ includes the normalization operation.
      The instruction FSL is used to store the lower half of the double length 
      mantissa of a floating point number in the AC (i.e. the LA part), while 
      the instruction SLA is used to store the c(LA), i.e. the lower half of the 
      double length fraction of a fixed point number in the AC, or a fixed or
      floating point form remainder in the LA, depending on the condition of the 
R-indicator. 
      3. The-Contents. of Registers after Reading Operations 
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    The contents of registers and counters, and the states of indicators 
and  switches are unchangedby the operation of an instruction unless otherwise 
described in the computer instruction. 
Moreover the contents of any register are unchanged as a result of 
reading the contents in the operation of an instruction. 
4. The Unnormalized Form of a Floating Point Number  
    In most of the Floating Point Operations,the normalization operation 
is included. All results by the Floating Point Operations are given in the 
normalized form except the remainder by the instruction FDJ, if numbers 
concerned are given in the normalized form. Details are described in the 
description of each instruction.5r 
5. +0 and -0  
    Since aregister has a sign bit, two states of zero +0 and -0 exist. 
Either of two zeros will appear in a register. In most cases, zero takes 
the form of +0. For example, in the operation of addition or subtraction 
instructions, and the Clear Operation of the AC. Details are given in the 
description of each instruction. 
     The +0 and -0 are treated as a same zero in most of the instructions, 
but some of the Sign Operations, the Control Operations examine only the 
sign of a register,and moreover the instruction CMP regards that +0) -0.
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B.5 The Definition of the Operation of Each Computer Instruction 
        In this section the Clear operation.and the operation of each of all 95 
   computer instructions are defined. 
        Each instruction is classified for the convenience of programmers into 
   each of fifteen categories according to the type of operations performed, and 
   each is described in turn according to the classification and not necessarily 
   in the ascending order of the numerical operation codes. Most of the terms 
   used in this section are definer in the previous sections. 
        The definition of the operation of each instruction is made in the 
   following way;- 
   The numerical operation code, the symbolic representation of the instruction, 
   the official name of the instruction,and the computation time of the instruction 
    are written in the first place. Then the operation of the instruction is 
   written by using symbols.,,.4xt the details of the operation is given, in 
   which the way of execution, registers and counters referred, and indicators 
    and switches affected are mainly described. 
        Several notes are added if necessary. A few examples are given if it 
    is convenient to clarify the operation.
   1. The "Clear"  Operation 
        A decimal code of any instruction has an even  number except that of 
FMB/ (221) and FMC/ (223). By adding one to any even number code ( hence 
becomes an odd number code), it is possible to clear the c(AC) just before 
   the operation of the instruction of an even number code. The symbolic 
expression for "Clear" is the slach "/" attached to the last of the three 
   character symbolic code, even though the "Clear" is executed just before 
   the operation of the instruction of an even number. 
         The precise operation of the "Clear" is as follows; 
       The c(AC) are replaced by plus zero ( The 12-digit c(UA), the 11-
   digit c(LA) and the AC sign are set off). 
       The R-indicator ( Remainder indicator ), the LA sign and the LA 
   overflow bit are set off. (only DVJ and FDJ can set on the above. This 
   "Clear" operation, multiplication and division operations set off the
   R-indicator. The SLA is only affected by the condition of the R-indicator.) 
        No additional operation time is needed to that of the instruction 
   of an even number. 
  e.g. 100 ADD "Add" 
            101 ADD/ "Clear and Add"
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   2. Fixed Point Operations  
       The following instructions are described; ADD, SUB, ADA, SBA, ALt4, SBM, 
   RAA, LWA; ADL, SBL, AAL, SAL; EAD; RND; MPA, MPS; DRJ, ADR, DVJ. 
   100 ADD IJ A "Add" (0.50 + Ai + Ag ) 
c(AC)pUA+c(E) -+ c(AC). 
       The c(E) (E=wIJA), the addend or the operand, are algebraically 
   added to the UA part of the c(AC). The resulting sum is placed in the AC. 
N.B.I. The fixed point operation. 
       2. The operand is unchanged. 
       3. Unlike the floating operations, a number in the overflow bit of the 
          operand is neglected in the operation. 
   .,, 4. The whole c(AC), i.e. both the c(UA) and the c(LA) relate to the 
           result. 
       5. A carry or a borrow may occur even to or from a number in the AC 
          overflow position. So an overflow to the AC overflow positionmay 
          occur. However the result is correct if the result is within the
         23 digits of the AC. And if the AC-OV-stop button is set on at this 
          time, the computation stops after the operation, and if set off, the 
          computation does not stop. 
       6. A real overflow fromthe AC overflow position may occur. This time 
         the real overflow digit disappears, or the result is a modulo10 
          decimal addition. And even if the AC-OV-stop button is set onat
          this time, the computation o more stops unless a number other than
          zero is in the AC overflow position. 
       7. Whenever the result is zero, plus zero(-- 0) is placed in the AC. 
      8. In case the "Clear" is attached to the code-{the decimal codeplus 
         one e.g. 101, ADD/ or "Clear and Add"), the whole c(AC) is cleared 
         or set to +0 before the operation (e.g. ADD). Thus the operation 
          equals to the transfer of the fixed-point form operand to the AC. 
   e.g. ADD 
        c(AC):©1011121314 5 6 7 8 9]01}--2345160000001 
       c(E)Ij3141 51 61 7 81910 1 2131 
c(AC): Ef 101 2 21 2l 21 21211  22 1  NITIAMIIITIN
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104 SUB IJ A "Subtract" (0.50 + Ai + Aa) 
c(AC)pUA - c(E) --> c(AC). 
    The c(E) (E - # IJA), the subtrahend or the operand, is algebraically 
subtracted from the UA part of the c(AC). The difference replaces the c(AC). 
N.B.1. The same notes as for ADD(N.B.1 to 8) are applied. 
102 ADA IJ A "Add Absolute" (0.50 + Ai + Aa) 
c(AC)pUA + Ic(E)I —a c(AC). 
    The absolute value of the c(E) (E _ #IJA), the addend or the operand, 
is algebraically added to the UA part of the c(AC ). The resulting sum is 
placed in the AC. 
N.B.1. The same notes as for ADD(N.B.1 to $) ale applied. 
106 SBA IJ A "Subtract Absolute" (0.50 + Ai + Aa) 
  c(AC)pUA - Ic(E) -->c(AC). 
    The absolute value of the c(E) (E . # IJA), the subtrahend or the 
operand, is algebraically subtracted from the UA part of the c(AC). The 
difference replaces the c(AC). 
N.B.1. The same notes as for ADD(N.B.1 to 8) are applied. 
110 ALAI .. -- "Add MD" (0.50 + 
  c(AC)pUA + C(MD) -+ C(AC). 
    The c(MD), the addend or the operand, are algebraically added to the 
c(AC). The resulting sum is placed in the AC. 
N.B.1. The numbers in the index part and the address part of the instructiaz 
       are neglected in the operation. 
114 SW •• -- "Subtract MD" (0.50 + Ai) 
   c(AC)pUA - c(MD) —+ c(AC). 
     The c(MD), the subtrahend or the operand, are algebraically subtracted 
from the UA part of the c(AC). The difference replaces the c(AC).
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   N.B.1. The same notes as for ADD(N.B.1 to 8) are applied. 
2. Any numbers in the index part and the address part of the instruction 
          are neglected in the operation. 
  130 RAA IJ n "Raise Address" (0.50 + Ai) 
c(AC)pUAad 4 #IJn -4 c(AC). 
       The number # IJn(= c(I) + c(J) + n; modulo 10,000), the addend or the 
   operand, is algebraically added to the UA address part of the c(AC). The 
   resulting stun is placed in the AC. 
   N.B.1. The same notes as for ADD(N.B.1 to 8) are applied. 
      2. If a carry occurs as a result of c(I) + c(J) + n, this carry or a 
         fifth digit of the addend is neglected in the operation (the addition
         of modulo 10,000). So four digits of it are always used. 
      3. A carry or a borrow (if the angend c(AC) is negative) may occur, e.g. 
         to or from the 5th position of the UA. 
e.g. RAA c(AC): a 000 • • 0000©00 ©©000000000 
    ri. #IJn:110 0 0 
> c(AC): © 1010101010`010[010 8 919I--7 8 10 0 0  0  0[01 
134. LWA IJ n "Lower Address" (0.50 + Ai) 
c(AC )pUAad - #IJn -+ c(AC). 
       A number # IJn (a c(I) + c(J) + n; modulo 10,000), the subtrahend or 
   the operand, is algebraically subtracted from the UA address part of the 
   c(AC). The difference replaces the c(AC). 
   N.B.1. The same notes as for RAA(N.B.1 to 3) are applied. 
   160 ADL IJ A "Add to LA" (0.5 + Ai + Aa) 
c(AC)pLA + c(E) --+ c(AC ). 
       The c(E) (E = # IJA), the addend or the operand, are algebraically 
   added to the LA part of the c(AC). The resulting sum is placed in the AC. 
N.B.1. The same notes as for ADD(N.B.1 to 8) are applied.
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       2. A carry or a borrow may occur, e.g., to or from the least significant
        digit of c(UA). 
      3. The LA sign and the LA overflow bit are neglected. 
  e.g. ADLc(AC):El1010131714[8_590jo0F9871654132109  
  r—~1 
-c(E) :Ell 6g 8110011111P 
L~ c(AC): ©OJ3J7J4J81519. 0 01011F--5.5151514,4 414 5141 
   164 SBL IJ A "Subtract from LA" (0.55 + Ai + Aa) 
c(AC)pLA - c(E) -+ c(AC). 
       The c(E) (E = # IJA), the subtrahend or the operand, are algebraically 
   subtracted from the LA part of the c(AC). The difference replaces the c(AC). 
N.B.1. The same notes as for ADL(N.B.1 and 3) are applied. 
  162 AAL IJ A "Add Absolute to LA" (0.55 + Ai + Aa) 
c(AC)pLA t f c(E)1 -4 c(AC). 
       The absolute valueof the c(E) (E m #IJA), the addend or the operand, 
   is algebraically added to the LA part of the c(AC). The resulting sum is 
   placed in the AC. 
N.B.1. The same notes as for ADL(N.B.1 and 3) are applied. 
   166 SAL IJ A "Subtract Absolute from LA" (0.55 * Ai + Aa) 
c(AC)pLA  - I c (E) 1 c(AC). 
                            The absolute value of the c(E) (E _ #IJA), the subtrahend or the 
   operand, is algebraically subtracted from the LA part of the c(AC). The 
   difference replaces the c(AC). 
N.B.l. The same notes as for ADL(N.B.1 and 3) are applied. 
   500 EAD IJ A "Extract and Add" (0.55 + Ai + Aa) 
     c(AC)pUA + c(E) & c(MD)odd .4 c(AC). 
       The least significant digit of the c(E) corresponds to that of the
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c(MD), the second digit to the second and so on. 
    A decimal number in each digit of the c(E) (E _ #IJA) is regarded to 
be zero if a decimal number in each corresponding digit of the c(MD) is 
even, and remains as it is if odd. In other words the c(E) is extracted by 
the odd numbers in each digit of the MD . 
    This extracted c(E) as an addend or an operand are algebraically added 
to the UA part of the c(AC). The resulting sum is placed in the AC. 
N.B.1. The same notes as for ADD(N.B.1 to 8) are applied. But "the operand" 
      in the N.B.2 and 3 should be read as "the c(MD) as well as thec(E)" 
      and "the operand" in the N.B.8 should be "the extracted c(E)". 
   2. The sign of the c(MD) is neglected. The sign of the c(E) is used. 
   3. An odd number has 1 in the weight 1 of the BCD code, while aneven 
      number has 0. 
e.g.EAD 1c(AC): 0 (011121314 5 6 7 8 9 011--2~I4I510000g0101 
g6 nmei©©0 © 
      c(MD):  4 011[ 2131415161718 9101 
—*c(AC): © 0©9©9©9©9 ©© ©©©©0000000 
138 RND IJ n "Round" (0.50 + Ai) 
     If the position of the AC which corresponds to the less significant 
two digits of ##IJn (a c(I) + c(J) t n; modulo 10,000),(denotedas DU(#IJn), 
and the correspondency is given below) contains a number greater than 5, 
the c(AC) are increased by one at the position of the AC which corresponds 
to DU(#IJn) + 1. If less than 4, unchanged. In either case the less 
significant digits of the AC than the digit which corresponds to DU(#IJn) 
 (inclusive) are reset to zeros.. 
     The correspondencybetween the position of the AC and the DU{#IJn) is 
as follows;UA  
1111111 III—, I1 II II 0_ 
DUIJn): 7322 ?20197817]615]4]3]2 ur 9 8 7 6 5 4 3 2 1
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N.B.1. The fixed point operation. 
      2. The more significant third and the fourth digits of##IJn are neglected. 
      3. If DU(#-IJn) is greater than 23, zero replaces the c(AC), but the AC 
         sign is unchanged. 
4. If DU(#IJn) = 0, the operation equals to the NOP(514). 
5. The AC sign is unchanged in all cases. So c(AC) = -0 may occur. 
      6. The AC overflow may occur. The N.B.5 and 6 of the ADD(100)are 
         applied except the description of a borrow. 
  e.g. -c(AC): a 101112[314 5 6 7 8 9 0 1--9 8171615 4 3 2110191 
RND 00 11A 
        c(AC): a 10112131415161789102F-0ooIO1O0100010101 
A 
   120 MPA IJ A "Multiply and Add" (5.8av + Ai 4-Aa) 
                                            c(AC) + c(MD) * c(E) -* c(AC). 
       The c(MD) are multiplied by the c(E) (E _ #IJA). The product c(MD) * 
   c(E) (22 digits) is algebraically added to the c(AC). The resulting sum is 
   placed in the AC. 
N.13.1. The notes of ADD(N.B.:1 to 7) are applied. But "the operand" in the 
         N.B.2 and 3 should be read as "the c(MD) as well as the c(E)". 
      2. In case of "Clear, Multiply and Add, MPA/ or 121", the c(AC)are reset 
         to 40 before the operation MPA.So it becomes; c(MD) * c(E)-~^c(AC). 
         The product has 22 digits and no AC overflow occurs. 
       3. The R-indicator, the LA sign and the LA overfolw bit are set off at. 
         the beginning of the operation. 
  e.g. MPA rc(AC):a1-------------------------010111 012 0 1 0 2 019 81  761 5141 3 2 0  0  
c(MD) : 21 51 00 0 0101010.0101 
c(E) : Ij414188.4141818 0 0 1  
, c(AC): © 1011101210111011 9 9 0 1-4 8 4 516 7,9 0 0 0 01 
   122 MPS IJ A "Multiply and Subtract" (5.8av + Ai + Aa) 
c(AC) - c(MD) * c(E) -* c(AC ). 
       The c(MD) are multiplied by the c(E) (E _#IJA). The product
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c(MD) * c(E) (22 digits) is algebraically subtracted from the c(AC). The 
difference replaces the c(AC). 
N.B.'. The notes of ADD(N.B.1 to 7) are applied. But ^ tthe operand^^ in the 
      N.B.2 and 3 should be read as t^the c(MD) as well as the c(E)". 
   2. In case of "Clear, Multiply and Subtract, MPS/ or 123,"the c(AC) are 
reset to +0 before the operation MPS. So it becomes; 
      -c(MD) * c(E) -4C(AC). The product has 22 digits and no AC overflow 
        occurs. 
   3. The R-indicator, the LA sign and the LA overflow bid are set off at 
      the beginning of the operation. 
152 DRJ IJ A "Divide and Round or Jumps' (6.6av + Ai) 
c(AC)/c(MD) —,j c(UA) ; 0 -1 c(LA), or Jump. 
    The whole 23-digit c(AC) are treated as a dividend, and the c(MD) as 
a divisor. 
    If Ic(AC)I< Ic(MD)1 , then division takes place. A 12-digit quotient 
is calculated. The 12th or the least significant digit is rounded off, so 
a 11-digit quotient replaces the c(UA) and zeros rgplace the c(LA). The AC 
sign is the algebraic sign of the quotient. 
    Or if Ic(AC)1 Ic(MD)I, then division does not occur but the dividend 
c (AC) remain unchanged, and the computer takes its next instruction from 
location E =#*IJA, and proceed from there (the control jumps to E). 
N.B.l. The fixed point operation. 
   2. The remainder is not calculated. c.f. DVJ. 
   3. The c(MD) are unchanged. 
   4. A number in the overflow bit of the c(MD) is neglected. 
   5. If there is an overflow in the c(AC) before the operation, the 
      dividend is clearly greater than the divisor, so the control jumps 
      to E. The AC-0V-stop button is ineffective for this case. 
   6. The AC overflow as a result of the round off of the quotient could 
      occur. If the AC-Ov-stop button is set on at this time, the camtra-
      tation stops after the division and round, and 'lf set off, the compu-
      tation dues not stop. 
   7. c(UA) = -O ;occurs, e.g. if c(AC) =1.0 and c(MD)< O.
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   8. The R-indicator,hLA sign and the LA overflow bit are set off at the 
      beginning of the operation. 
e.g. DRJ rc(AC): ©~ 0 314151617 8 9 0 2 3 31---,3 3 010 010 0 0 01 
• c(MD): E510101o1o1oiol0.^o10101 
yc(AC): 0 101619[11315 7 8 0 4 6 71--0 0101010 0 0 0 010101 
140 ADR IJ A "Add, Divide and Round or Halt" (6.9av + Ai + Aa) . 
   c(AC)pUA + c(E) /c(MD) -+ c(UA); 0 -- c(LA), or Halt. 
    The c(E) (E a #IJA) are algebraically added to the UA part of the c(AC1. 
The resulting stun is placed in the AC. This sum or the whole c(AC) is 
treated as a dividend, and the c(MD) as a divisor. 
    If lc(AC)pUA + c(E)Ii(Ic(MD)1, then division takes place. A 12-digit 
quotient is calculated. The 12th or the least significant digit is rounded 
off, so a 11-digit quotient replaces the c(UA) and zeros replace the c(LA). 
The AC sign is the algebraic sign of the quotient. 
    Or if Ic(AC)pUA + c(E)I Z Ic(MD)I, division does not occur and the 
computation stops with the HALT lamp on. The dividend remains unchanged 
in the AC. 
N.B.l. The operation is a compost s operation of ADD(100), and DRJ(152) 
      except the difference of jump (DRJ) from halt (ADR). 
   2. The notes for the first part of the operation (i.e. ADD) is therefore 
      the same as that for ADD(N.B.1 to 8) except the description concerning 
      with the AC overflow, or a dividend is clearly greater than the 
      divisor, the division does not take place and the computation stops. 
   3. The notes for the second part of the operation (i.e. DRJ) is therefore 
      the same as that for DRJ(N.B.1 to 8). 
   4. In case of "Clear, Add, Divide andRound or Halt", the c(AC) are reset 
      to +0 before the operation ADR. So it becomes; 
c(E)/c(MD) —)P c(UA); 0 --)c(LA), or Halt. 
150 DVJ IJ A "Divide or Jump" (6.0av + Ai) 
c(AC)/c(MD) —) c(UA); R --y c(LA), or Jump.. 
    The R-indicator, the LA sign and the LA overflow bit are set off at the
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beginning of the operation. 
    The whole c(AC) are treated as a dividend, and the c(MD) as a d&viaor. 
    If Ic(AC)I< Ic(MD)I, then division takes place. A 11-digit quotient is 
calculated and it replaces the c(UA). And its remainder, i.e. a 11-digit 
fraction {c(AC) - c(MD) * (quotient)141011 whetherz o r not replaces the
c(LA). The AC sign is the algebraic sign of the quotient. The sign of the 
dividend replaces the LA sign as of remainder and the R-indicator is set on 
again. 
    Or if Ic(AC)1 a Lc(MD)1y, then division does not occur but he dividend 
c(AC) remain unchanged, and the computer takes its next instruction from 
location E (_ #IJA) and proceed from there (the comtrol Jumps to E). The 
R-indicator is not set on this time. 
N.B.1. The fixed point operation. 
   2. The c(MD) are unchanged. 
   3. A number in the overflow bit of the c(MD) is neglected in the operation. 
   4. As the result of the division no AC overflow occurs. 
5. If the AC overflow exists before the operation, it is clear-^- ..... 
Ic(A0)I 2 Ic(MD)I, and the control jumps to E. The AC -0V-stop button 
      is ineffective. 
   6. c(UA) _ --0 occures, e.g. if c(AC) = +0 and c(MD)(0. 
   7. The remainder in the LA is stored only by the SLA (302). (c.f. SLA) 
      Since e.g. by shifting instructions the LA sign can not be transferred. 
8. The R-indicator,the LA sign and the LA overflow bit are set off at 
      the beginning,and set on only when division is made, and keep on
      until any next multiplication, division, or the "Cleary' c(AC) oper-
       ation. 
e.g. DVJ c(AC): © 10 3 4 516 78.9 0 2 3 41--fr 6 0 0 0 0 0 0 0-0-61 
                                                 c(MD): 'T1510=0.010 01 ) .0.001 
                .....         Ltd(on) 
               UA
~~~~       c(AC):!Iorni11r111j 8 oPlan  1.610 ojo o ojo of oI
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3. Floating Point Operations  
    The following instructions are described; FAD, FSB, FAA, FSA, FAM, FSM; 
FRD; FMP/, FMC/; FDR, FAV, FDJ. 
    The arithmetic operations of floating numbers are ani1ogous to the 
ordinary arithmetic operations with the decimal points. All numbers are 
however expressed in the floating-point form. 
All the results obtained by the floating-point arithmetic operations 
are ordinarily in the normalized form of floating-point numbers except a 
remainder obtained by FDJ. 
200 FAD IJ A "Floating Add" (1.3 + Ai t Aa) 
  c(AC) + c(E) y c(AC). 
    The c(E) (E - #IJA), the addend or the operand, are algebraically added 
to the c(AC). The reaulting sum is placed in the AC. 
N.B.1. The floating point operations. 
    2. The operand is unchanged. 
   3. Unlike the fixed point operations, a number in the overflow bit of 
      the operand is used as a third digit (one hundred) of a characteristic. 
   4. The whole c(AC), i.e. both c(UA) and c(LA), relate to the result. 
      But numbers in the 11 and 21 positions of LA are set off to zero 
      throughout the operation. i.e. The mantissa of the c(AC) is 18 digits 
      or of the double precision. 
    5. The execution of the operation is briefly as follows; If the mantissa 
      of either the operand or the c(AC) is zero, a number with non-zero 
      mantissa replaces the c(AC) and the normalization takes place. If 
      both zeros, the c(AC) is cleared. Or if not the above, then the
      characteristic : of the c(AC) is compared with that of the operand. 
      The mantissa of a number with less characteristic is shifted to the 
      right (numbers which underflow from the 3! position of the LA or
      its equivalent disappear) with a compensating change in the charac-
       teristic and corresponding zeros are supplied in the vacated positions 
       until the both characteristics become the same. The ordinary alge-
      braic addition (or subtract4„on for subtract ordem) is then performed 
      within the length of the 18 digits. Then the normalization is made, 
       i.e. the mantissa of the result becomes a fraction without the 
      heading zeros and within the length of 48 digits. 
    6. The exponent overflow or underflow (modulo 1,000 addition or sub- 
      traction) may occur. However, the result is correct. And if the 
       AC-OV-stop button is set on at this time, the computation stops
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      after the operation, and if set off, the computation does not stop.
   7. If exponent overflow of the c(AC) has been occured before the oper-
      ation, wrong answer is calculated and the computer t eats it as a
      result of the operation. 
S. Whenever the result is zero, plus zero (+0) is placed in the AC, which 
      is the same form as that of a fixed point number. 
   9. In case the "Clear" is attached to the code (the decimal code plus 1, 
      e.g. 201, FAD/ or "Clear and Floating Add"), the whole c(AC) is cleared 
orreset o +0 before the operation (e.g. FAD). Thus the operation 
      equals to the transfer of the floating-point form operand to the AC 
      and the normalization of it. 
e.g. FAD c(AC): 1 0.2 1 7,0 0,0,0 0 0 7 5 0 0.0 0 0 0 010.01 
      c(E) : 101515 310101010.09111 
-3.c(AC): a 111---------------------------01 5 5131017001011  0 017 50,00 1001 
                      A 204 FSB IJ A "Floating Subtract" (1.3 + Ai + Aa) 
  c(AC) - c(E) —, c(AC ). 
    The c(E) (E#IJA), the subtrahend or the operand, are algebraically 
subtracted from the c(AC). The difference replaces the c(AC). 
N.B.1. The same notes as for FAD(N.B.1 to 9) are applied. 
202 FAA IJ A "Floating Add Absolute" (1.3 + Ai + Aa) 
  c(AC) + tc(E)I -+ c(AC). ( E - IJA) 
    The absolute value of the c(E)c theaddend or the operand, is algebrai-
cally added to the c(AC). The resulting sum is placed in the AC. 
N.B.].. The same notes as for FAD(N.B.1 to 9) are applied. 
Ar 
206 FSA IJ A "Floating Subtract Absolute" (1.3 + Ai + Aa) 
  c(AC) - (c(E)I C(AC). (E
y- IJA) 
     The absolute value of the c(E), the subtrahend or the operand, is 
algebraically subtracted from the c(AC). The difference replaces the c(AC). 
N.B.1. The same notes as for FAD(N.B.1 to 9) are applied. 
i
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210 FAM .. - "Floating Add MD" (1.3 t Ai) 
  c(AC) + c(MD) -4 c(AC). 
    The o(MD), the addend or the operand, are algebraically added to the 
c(AC). The resulting sum is placed in the AC. 
N.B.1. The same notes as for FAD(N
b.B.1 to 9) are applied. 
   2. Any numbers in the index part and the address part of the instruction 
      are neglected in the operation. 
214 FSM ... - "Floating Subtract MD" (1.3 + Ai) 
  c(AC) - c(MD) c(AC). 
    The c(MD), the subtrahend or the operand, are algebraically subtracted 
from the c(AC). The difference replaces the c(AC). 
N.B.I. The same notes as for FAD(N.B.1 to 9) are applied. 
   2. Any numbers in the index part and the address part of the instruction 
      are neglected in thfa operation. 
238 FRD IJ n "Floating Round" (0.55 1. Ai) 
    If the position of the AC, which correspond to the less significant two 
digits of IJn ( = c(I) 4 c(J) + n; modulo 10,000), (denoted as _DU(#IJn), 
and the correspondency is given below) contains a number greater than 5, the 
c(AC) are increased by one at the position of the AC which corresponds to 
DU(#IJn) + 1, If less than4, unchanged. In either case the less signifi-
cant digits of the AC than the digit which corresponds"to DU(#IJn) (inclusive) 
arereset to all zero. And if a carry occurs from the most significant digit 
of the mantissa as a result of the round off, the mantissa is shifted to the 
right by one witMr the corresponding compensation of the characteristic 
(i.e. one is added to it).'r   ~u 
    The correspondency between the position of the AC and the* DU(#IJn) is 
as follows;UALA 
^^ui^u1111uu^^ 111111111111111111111111 
2019181716]5]41312 11109 876 54321
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 N.B.'.  The floating point. operation. 
      2. The more significant third and the fourth digits of##IJn are neglected. 
     3. If DU(#IJn) ~ 21, the operation equals to the RND (138). 
     4. If DU(#IJn) s 0, the operation equals to the NOP (514). 
      5. The AC sign is unchanged in all cases. 
      6. The exponent overflow may occur. The N.B. 6 and 7 of the FAD (200) 
        are applied. 
7t The normalization is not made except the way described above. 
e.g. FRD 00 17 0 IN 0 60110  06 ©9 0©0  0 0 0 011 
           c(AC):i( 
             ® 1110 513107.000  101 00101000101001001 
FRD0015 El rrr99999 800© 11111300000000E 
             c(AC) :. 
            a1112151110101010101010of--0 0101010 010 0 10101 
  221 FMP/ IJ A "Clear and Floating Multiply" (5.2av + Ai + Aa) 
    c(MD) *c(E) -,1 c(AC). 
      The c(MD) are multiplied by the c(E) (E _ # IJA). The product c(MD) *e(E) 
  is placed in the AC. 
N.B.L. The floating point operation. 
      2. The both c(MD) and c(E) are unchanged. 
3. Unlike the fixed point operations, a number in the overflow bit of 
        the c(MD) as well as of the c(E) is uled as a third digit (one hundred) 
         of a characteristic (or an exponent +100). 
      4. At the end of the operation the normalization is made, so the product 
         is in normalized form, i.e. the mantissa of the result becomesa 
         fraction without the heading zeros and within the length of 18 digits. 
      5. The exponent overflow or underflow (modulo 1,000 addition and subtraction 
         respectively at the characteristic part of the AC) may occur. The 
        N.B.6 and 7 of the FAD (200) are applied. 
      6. The AC sign is the algebraic sign of the product, so c(AC) = -0 may 
oc cur qr 
7. FM' alone does not exist. 
g. The R-indicator, the LA sign and the LA overflow bit are set off at
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         the beginning of the operation. 
   e.g. FMP/ (c(MD):  2 2 3 0 0 0 0 0 0' 
• c(E) : 1113131M 0 0 0 nnnn 
-,c(AC): p Oee669000000 00000000000 
   223 FMC/ IJ A "Floating Multiply and Change Sign" (5.2av + Ai + Aa) 
*6t 
•(MD) * c(E) —"'f• c(AC). 
       The c(MD) are multiplied by the c(E) (= IJA). Then the sign of the 
   product is changed and the result is placed in the AC. 
N.B.l. The operation is a composite operation of the FMP/ (221) and CHS (512). 
         For the first part of the operation i.e. FMP/, the same notes as for
         FMP/ are applied. 
   252 FDR IJ A "Floating Divide and Round or Jump" (5.6av + Ai) 
     c(AC) / c(MD) --+ c(UA); 0 y c(LA), or Jump. 
       The c(AC) are treated as a dividend,andthe c(MD) as a divisor. 
       If the c(MD) are zero or not in a normalized orm (i.e. themantissa 
   has at least a heading zero), division does not occur, but the dividend 
   c(AC) remain unchanged,and the computer takes its next instruction from the 
   location E (_ #IJA) and proceed from there (the control jumps to E). 
       Or if it is not the above case, then division takes place. A 10-digit 
   quotient is calculated. The 10-th or the least significant digit is rounded 
' off , so a quotient of 9-digit mantissa and 3-digit characteristic replaces 
   the c(UA). Zero replaces the c(LA). The AC sign is the algebraic sign of 
   the quotient. 
N.B.l. The floating point operation. 
       2. The remainder is not calculated, c.f. FDJ. 
      3. The c(MI1 and the c(E) are unchanged. 
/*. Unliketefixedpoint'operatoanxbernitierggi~bit of 
         thec(MDaswellasofthecE°-suseuasatrdo                                                agibone hundred)
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           of a characteristic (or an exponent +100). 
        5. Numbers in the 11 and 21 positions of the LA are set off to zero at 
           the beginning of the operation. 
        6. The exponent overflow or underfloor (modulo 1,000 addition or sub-
           traction) may occur as a result of the operation. The result is
           however correct. If the AC -EX -OV-stop button is set on at this time, 
           the computation stops after the operation, and if set off, the conpu-
           tation does not stop. 
        7. If exponent overflow of the c(AC) has been occured before the oper-
           ation, wrong answer is calculated and the computer treats it as a
           result of the operation. 
8. The quotient is given in the normalized form, if the dividend (as 
           well as the divisor) has been given in a normalized form. Unless
           the above, the quotient is not always given in the normalizedform. 
        9. The execution of the division is briefly as follows; the mantissa of 
          the c(MD) (denoted as md) is checked if it has a heading zero, if so, 
           the control jumps to E. Next.the and is compared with that of the 
           c(AC) (denoted as ma). If ma<md, division takes place. If ma md, 
           the ma is shifted to the right by one and one is added to its charac-
           teristic, and division takes place. Next round off is made, and if 
           a carry occurs from the most significant digit of the quotient, the
           result is shifted to the right by one and one is added to its charac-
            teristic. 
           The calculations of the characteristics are all in the modulo 1,000 
           fashion (c.f. N.B.7). 
           Then the form of the quotient is what is described in the above N.B.B. 
       10. c(UA) -0 occurs, e.g. if the dividend is +0 and c(MD)< 0. 
• 11. The R-indicator, the LA sign and the LA overflow bit are set off at 
           the beginning of the operation. 
   e. g. FDR lc (AC) : a 1110131,414  210  010 010 110001/1100000 
 • c(?4D): [' 1010 3l01Ol01010 o;oloj
.c(AC): 0 11[0141116 0 6[6 6 616 71---0 0101010--------------------------------------01010 010101 
     240 FAV IJ A "Floating Add, Divide and Round or Halt" (6.7av + Ai + Aa) 
{ c(AC) 4-c(E)1  / c(MD) --)c(UA); 0 -- c(LA), or Halt 
         The c(E) (E =1 IJA) are algebraically added to the 2(AC). The resulting 
sun is placed in the AC. This sun or the whole c(AC) is treated as a divi-
     dend, and the c(MD) as a divisor.
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         If the  c(MD) are zero or not a normalized form (i.e. the mantissa has
    a heading zero.), division does not occur and the computation stops with the 
    HALT lamp on. The dividend c(AC) 4-0(E) remains unchanged in the AC. 
        Or if it is not the above case, then division takes place. A 106digit 
    quotient is calculated. The 10-th or the least significant digit is rounded 
    off, so a quotient of 9-digit mantissa and 3-digit characteristic replaces 
    the c(UA)., and zero replaces the c(LA). The AC sign is the algebraic sign 
    of the quotient. 
N.B.l. The operation is a composite operation of FAD (200)and FDR (252) 
          except the difference of jump (FDR) from halt (FAV). 
        2. The notes for the first part of the operation (i.g. FAD) is therefore 
          the same as that for FAD (N.B.1 to 9) except the description of the 
AC-E%-0V-stop button in the N.B.6. Even if the overflow or underflow 
           occurs as a result of the addition (FAD) of FAV, division process
           (FDR) follows and the overall result of FAV is still correct.
        3. The notes for the second part of the operation (i.e. FDR) is therefore 
          the same as that for FDR(N.B.1 to 11). But in case of FAV, the divi-
           dend is always in the normalized form, so is the quotient (N.B.B).
        4. In case of "Clear, Floating Add and Divide or Halt", the c(AC) are 
           set to 40 before the operation FAV. So it becomes; 
          c(E) / c(MD) -4 c(UA); 0 --p c(LA), or Halt. 
    250 FDJ IJ A "Floating Divide or Jump" (5.lav t Ai) 
      c(AC) / c(MD) -/ c(UA); R -i c(LA), or Jump. 
         The R-indicator, the LA sign and the LA overflow bit are set off at the 
    beginning of the operation. The whole c(AC) are treated as a dividend,and 
    the c(MD) as a divisor. 
         If the c(MD) are zero or not in a normalized form (i.e. the mantissa 
    has at least a heading zero), division does not occur, but the dividend 
remains unchanged, and the computer takes its next instruction from the 
    location E (=#PIJA) and proceed from there (Jump E). 
         Or if it is not the above case, then division takes place. A quotient 
     with 9-digit mantissa and 3-digit characteristic is calculated and replaces 
' the c(UA), And its remainder with 9-digit mantissa and 3- digit ( precisely
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the LA overflow bit and rat and 101 position of the LA) characteristic, whether 
zero or not, i.e. c(AC) - c(MD) * (quotient), replace the c(LA). The AC 
sign is the algebraic sign of the quotient. The sign of the dividend replaces 
the LA sign as of the remainder, and the R-indicator is set on again. 
N.B.1. The floating point operation. 
   2. The remainder is calculated, and the quotient is not rounded Off. 
   3. The c(MD) are unchanged. 
   4. Unlike the fixed point operations,a number  in the overflow bit of the 
     c(MD) is used as a third digit (one hundred) of a characteristic 
      (or an exponent +100). 
   5. Numbers in the 1' and 21 positions of the LA are set off to zero at 
      the beginning of the operation. 
   6. The exponent overflow or underflow (modulo 1,000 addition or sub-
      traction) of the quotient may occur. The quotient is howevercorrect. 
      The exponent underflow of the remainder (modulo 200 subtraction) may 
      occur. At this time the characteristic of the remainder is no more
      correct. (c.f. N.B.10). 
      If the AC-EX-0V-stop button is set on at either or both of the above 
      two cases (i.e. that of the quotient or of the remainder), the compu-
      tation stops after the operation, and if set off, the computaiondoes 
      not stop. 
   7. If exponent overflow or underflow of the c(AC) has been occured 
      before the operation, wrong answer is calculated and the computer 
      treats it as a result of the operation. 
8. The quotient is given in the normalized form, if the dividend (as 
      well as the divisor) has been given in a normalized form. Unless 
      the above, the quotient is not generally given in the normalized form. 
   9. The remainder is not generally given in the normalized form. e.g. 
      The mantissa is zero and the characteristic is not zero often occurs. 
  10. The execution of the division is briefly as follows; The mantissa 
      of the c(MD) (denoted as md) is compared with that of the c(AC) 
      (denoted as ma). If ma < md, division takes place. If ma4 td, the 
      ma is shifted to the right by one and one is added to its charac-
      teristic, and division takes place. Then 9-digt quotient is calo 
       lated. 
      The value of the characteristic of the c(MD) is subtracted from 
      that of the c(AC) (or as in the above, that increased by 1) and 100 
      is added to it. The result replaces the characteristic of the c(AC) 
      as that of the quotient. All calculations are in modulo 1,000 fashion. 
      For the characteristic of the remainder, 9 is subtracted from the
      characteristic of the c(AC) (or as in the above that increased by:l) 
      in modulo 200, and this difference is used (N.B.6). 
      Then the form of the quotient as well as of the remainder becomes 
      what is described in the above N.B. 8 and 9.
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 11. c(UA) _ -0 occurs, e.g. if the dividend is +0 and c(MD)< 0. 
  12. The remainder in the LA is stored only by the SLA (302) (c.f. SLA) 
     not by the FSL. 
  13. The R-indicator, the LA sign and the LA overflow bit are set off at 
      the beginning, and set on only when division is made, and keeps on 
      until any next multiplication or division instructions, or the "Clear" 
     c(AC) operation. 
e.g. FDJ 
c(AC):9 o0©©©©©©6089 $0600000000 —{c(MD): H.015510101010I0I0I0I0j 
   UA  
                             III(on) 
--~ (AC) : a 101919121461911131517191  9 5131716101 0 0 01 01
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4. Conversion Operations 
  The following instructions are described; FFL, FFX. 
410 FFL .. - "Fixed to Floating" (0.80 + Ai) 
    A fixed point number in the 23-digit AC is converted into a normalized 
floating point number and the result is set in the AC. 
N.B.1. The AC sign is unchanged. 
   2. The overflow digit of the UA (integer) is also included in the oper-
       ation. 
   3. At the end of the normalization (i.e. at tho end of the operation) 
      the 11 and 21 positions of the LA are set off to zero. So a 23-digit 
      number is reduced to a 18-digit mantissa. 
   4. Any numbers in the index part and the address part of the instruction 
      are neglected in the operation. 
e.g. FFL _c(0):  0 li©©©©©6 11 8 9 O© ©©©©6 E 8 9 s ki 6 
-c(AC): 8 © 0!EF[lgrlla 6 ©r 9 O®©©er 6l uE 
450 FFX IJ A "Floating to Fixed or Jump" (0.55 + Ai) 
    A floating point number in the AC is converted into a fixed point number 
and the result is placed in the AC, if the value of the characteristic of the 
c(AC) is in to -range between 100 and 0. Or if in the range between 101 and 
199 (the c(AC) is equal to or greater than one in the normalized form), the 
c(AC) are unchanged and the computer takes its next instruction from the 
location E (_ # IJA) and proceed from there (the control jumptto E). 
N.B.1. The AC sign is unchanged. 
   2. The less significant digits than the 1' position of the LA in its 
      fixed point form disappears. So e.g. c(AC) _ -0 as a result mayoccur. 
   3. The AC overflow does not occur. 
   4. If the AC exponent overflow or underflow has been, occured before the 
      operation, wrong answer is calculated and the computer treats it as
      a result of the operation. 
5. If the c(AC) has not been in the normalized form before the operation,
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      the result is still correct. (c.f. N.B.6) 
   6. The execution of the operation is briefly as follows; If the mantissa 
     of the c(AC) is zero, the c(AC)ate  cleared. Or if not the above, the 
     characteristic of the c(AC) is evtamined. If it is greater than 100and 
     smaller than 200 (i.e. 101-199), ',jump to E° is made. Or if not the
      above, the mantissa is shifted to the right and zeros are supplied 
      to the vacated positions until the its characteristic is compensated 
     and reaches 100. And 22 digits of the above re 1acee the c(AC). 
      In case of the AC exponent overflow or underfloor, the way of miscalcu-
      lation is rather in case by case fashion, so it is not described here. 
e.g. FFX 
r°(AC) :© 0 9 ©©©©©m©m O©©3 4 5 6 7 8 0 0 
4c(AC): 111010101011 2 3 4 516 7 81--9 0111213 41516 7 8---------------------------------01 
NP 
     Tc(A0): a 1017 81112 3 415 671a19,0 1121314 5 671810101 
 Ia 
-,c(AC): Q (olololo[olo1o1oIo101010~--0101010.0 o olo lolo1 
                           va 
r
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  Sign Part Operations  
    The following instructione are described; SSP, CBS. 
510 ssP .. - "Set Sign Plus" (0.30 + Ai) 
`c(AC)I -' c(AC) 
    The AC sign is set plus. 
N.B.1. The absolute value of the c(AC) replaces the c(AC). 
2. Any numbers in the index and the address part of the instruction are 
      neglected in the operation. 
   3. The LA sign is unchanged. 
512 CBS .. - "Change Sign" (0.30 + Ai) 
-c(AC) c(AC) 
    The AC sign is changed, i.g. + is changed to -, - is to +. 
N.B.1. The magnetude of the c(AC) is unchanged. 
   2. If CBS/, -0 replaces the c(AC).
3. Any numbers in the index and the address part of the instruction are 
teg'lected in the operation. 
   4. The LA sign is unchanged.
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6. Shifting Operations  
    The following instructions are described; SLS, LLS, SRS, LRS, LCS. 
    The instruction SCT is explained in the Special Operations. 
    The number of places of shift is specified by the less significant two 
digits of # IJn (3 c(I).+ c(J) + n; module 10,000), denoted as DU(NIJn). 
The more significant third and the fourth digits of#IJn are neglected. 
    Numbers which overflow the capacity of a register disappear, and zeros 
are supplied in the vacated positions of a register with the exception of LCS. 
    The AC sign is unchanged. Thus -0 may occur. 
530 SLS IJ n "Short Left Shift" (0.55 + Ai) 
    The 12-digit c(UA) are shifted to the left by the number of places 
specified by the DU(#0IJn). 
N.B.1. The c(LA) are unchanged. 
   2. If DU(#IJn) 2 12, the c(UA) are replaced'by zeros. 
e.g. c(AC): 0 111213'4156L718 9 011121--3141516171819101112131 
 SLS 00 3 
->c(AC): (] 14j51617189 01 200101--3415161718.910112131 
532 LLS IJ n "Long Left Shift" (0.55 + Ai) 
    The 23mdigit c(AC) are shifted to the left by the number of places 
specified by the DU(#IJrr). 
N.B.1. If DU(*IJn) ? 23, the c(AC) are replaced by zeros. 
e.g. _c(AC): © [11:213-1-415'6'718'9 011 21--3'4151617  9 '0.112131 
LLS 00 3 
3c(A0) : II 14j51617181910j112 31415I--6 7181910112131010101 
536 SRS IJ n "Short Right Shift" (0.55 + Ai) 
    The 12-digit c(UA) are shifted to the right by the number of places
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specified by the  DU(#IJn). 
N.B.1. The c(LA) are unchanged. Numbers which underflow from the 1 position 
      of the UA disappear. 
   2. If DU(#IJn) ? 12, the c(UA) are replaced by zeros. 
e.g. _c(AC): 11 2 3 41516 7 8-9'011  2 -314151617 8 9 0 1 2131 
A SRS 00 5 
--->c(AC):© (lot Olololl2345671--341516178901231 
538 LRS IJ n "Long Right Shift" (0.55 + Ai) 
    The 23-digit c(AC) are shifted to the right by the number of places 
specified by the DU(#tIJn). 
N.B.1. If DU(##IJn) 2 23, the c(AC) are replaced by zeros. 
e.g. 
ic(AC):El 11121-31415 61718 9 0 2173141516 7 8 9 0  2131 
LRS 00 6 
yc(AC): a to oioloto 011T213 4 5 61--,7181910 1 2 3 456171 
534 LCS IJ n "Long Cyclic Shift" (0.55 + Ai) 
    The 23-digit c(AC) are shifted to the left by the number of places 
specified by the DU(#IJn). But a number in the AC overflow position is 
shifted into the 11 position of the LA. Thus the shift becomes a cyclic 
shift. 
N.B.1. If DU(#pIJn) 23, the c(AC) are replaced by zeros. 
e.g. 
       _c(AC):0 11121314156 718901121--34516178901231 
LCS 00 12 
-,c(AC):p roe 60 811 NEON 688 9 0©©
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7. Word Transfer Operations 
    The following instructions are described; STO
, STM, LDM, PAM; SLA, FSL. 
300 STO IJ A "Store^ (0.35 + Ai + As) 
  c(UA) -+ c(E). 
    Numbersin positions from 1 to 11 of the UA and in the weight 1 (BCD code) 
of the AC overflow position and the AC sign.repl.ace the c(E) (E _ #IJA). In 
other words the c(UA) except numbers in the weight 2, 4 and 8 of the AC 
    position replace the o(E). 
N.B.1. The instruction can be used for both fixed and floating numbers. 
   2. Any odd number in the AC overflow position set the overflow bit of 
     the c(E)\with 1. 
   3. The c(UA) areunchanged. 
   4. 301 STO/ IJ A "Clear and Store" 
     The both c(AC) and the c(E )re reset to 40. 
304 STM IJ A "Store MD" (0.35 + Ai t As) 
  c(MD) --> c(E). 
    The c(MD) replace the c(E). 
N.B.1. This instruction can be used for both fixed and floating numbers. 
   2. A number zero or one in the overflow bit of the MD also replaces that 
      of the location E. 
   3. The c(MD) are unchanged. 
320 LIM IJ A "Load MD" (0.35 + Ai + Aa) 
  c(E) -1 c(MD). 
    The c(E) replace the c(MD). 
N.B.l. This instruction can be used for both fixed and floating numbers. 
   2. A number zero or one in the overflow bit of the location E also 
replaces that of the MD. 
   3. The c(E) are unchanged. 
310 PAM..- "Place UA to MD" (0.35 *Ai)%,.. 
                                                                                    aft
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      c(UA) c(MD). 
        Numbersin positions from 1 to 11 of the UA and in the weight 1 (BCD 
    code) of the AC overflow position and the AC sign replace the c(MD). In 
    other words the c(UA) except numbers in the weight 2, 4 and 8 of the AC 
overflow position replaces the c(MD). 
    N.B.1. The instruction can be used for both fixed and floating numbers. 
        2. Any odd number in the AC overflow position set the overflow bit of the 
c(ND) with 1. 
        3. The c(UA) are unchanged. 
        4. Any numbers in the index part and the address part of the instruction 
           are neglected in the operation. 
302 SLA IJ A "Store LA" (0.55 + Ai + Aa) 
c(LA) -/ c(E) t R ] 
        If the R-indicator is off, the c(LA) with the AC sign replace the c(E) 
                  is 
    (E _ #IJA), Or if on, the c(LA) with the LA sign and the LA overflow bit 
                                        the 
    replace the c(E). * and an overflow bit of1a(E) is reset to zero. 
N.B.1. The R-indicator is on only when division is made by either DVJ or FDJ, 
           i.e. the remainder replaces the c(LA). 
        2. The fixed or floating-point formremainder by either DVJ or FDJ can 
          be stored only by this instruction and only when R.-indicator is on.
          This instruction does not set off the R-indicator (c.f. DVJ and FDJ). 
        3. The R-indicator is set off only when "Clear" operation of the c(AC), 
multiplication or division instructions are executed. 
        4. So this instruction can be used for fixed point number if the R-indicator 
          is off (at this time FSL is used for floating point numbers), andif 
           on, ror both fixed and floating point remainders. 
5. The c(AC) as well as the LA sign and the LA overflow bit and the R-
           indicator is unchanged. 
' 340 ^FSLIJA "Floating Store LA" (0.95av + Ai + Aa) 
      c(LA) --> c(E). 
Numbers in the positions from m' to 31 of the LA as a 9-digit mantissa, 
    the value of the characteristic of the AC minus 9 as a 3-digit characteristic
 pb-
   and  the  AC  sign  form  a  floating  point  number.  Then  it  is  normalized  and  the 
   result replaces the c(E). 
N.B.l. The instruction is used only for floating numbers. 
      2. The c(AC) are unchanged. 
3. The remainder as a result of FDJ can not be stored by this instruction 
         (c.f. SLA). So the R-indicator, the LA sign and the LA overflow bit 
         are neglected. 
      4. The exponent underfloor.- (modulo 200 subtraction) may occur. The result 
         is not correct. If the AC EX-0V-stop button is set on at this time,
         the computation stops. Or if off, does not stop. 
  e.g. FSL n- c(AC) : a ee :1111©©11608 9 8E16©©©®©©0 0 
-->c(E): Hll9181716151413121112I 
y 
                                          4•
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  8. Address Transfer Operations  
The fallowing instructions are described; STA, LDA, STL. 
 Other two instructions RAA and LWA are explained in the Fixed Point Arithmetic 
  Operations. 
306 STA IJ A "Store Address" (0.35 + Ai + Aa) 
    c(UA)ad .- c(E)ad. 
     The addresspart of the c(UA) replaces that part of the c(E) (E = *IJA) . 
N.B.1. The c(E) except that of the address part,and the c(AC) are unchanged. 
     2. If the "Clear" c(AC) is attached; +0 -+ c(AC); 0 -+ c(E)ad.
                                     y 
 307 LDA IJ A "Load Address" (0.35 + Ai + Aa) 
c(E)ad -+ c(UA)ad. 
     The address part of the c(E) (FP#pIJA) replaces that part of the (UA). 
N.B.1. The c(AC) except that of the address part and the c(E) are unchanged. 
    2. If the "Clear" c(AC) is attached; c(B)ad  -+ c(UA)ad  and the other 
       parts of the c(AC) become zeros and the AC sign becomes plus.
308 STL IJ A "Store Location" (0.35 + Ai + Aa) 
   c(LC) -,c(E) ad. 
      The c(LC), i.e. the address number where this instruction is stored, 
 replaces the address part of the c(E) (E =#tIJA). 
N.B.1. The c(E) except the address part are unchanged.
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9. Block Transfer Operations  
      The following instructions are described; LDQ, STQj BDM, DMB. 
       The block transfer instructions transfer a group of words which consists 
  of fifty (ordinarily) or less than fifty words between portions of the 
  memory whose access time is different, i.e. between the normal and the quick 
  access memory of the drum (STQ and LDQ), or between the drum memory and the 
  core memory (BJ} and DMB), or between the core memory and the magnetictape 
  memory (this part is described in the magnetic tape operations). 
       The quick access memory of the drum consists of 4 bands, each of which 
  has the same access time (av ca. 1.25ms) and is numbered from 1 to 4. the 
both instructions LDQ and STQ specify the number of the bands by the Xx poF-
  sition of the instruction, and at this time it will be denoted as Q. The 
b 
   correspondency between numbers of the bands and the memory address is as 
  follows; 
     Q = 1 locations from 4,000 to 4,049 
   24,050 4,099 
   34,100 4,149 
   44,150 4,199 
X64 LDQ QJ A ''Load Quick Access', (2.90 + Ai + Aa) 
c(E), ..., e(EL) -4 c(QE), ..., q(QEL). 
E _ #JA, 0 EL - E < 50, EL s QM. F. 49 in modulo 50, 
0 S QEL - QE < 50, and QE in No.Q band. 
      The c(E) replace the c(QE), ..., and the c(EL) replace the c(QEL). 
  Thus a group of words is transferred to the quick access memory of No. Q 
   band from the normal access memory. 
  N.B.1. Contents of any other register than the c(QE), ..., c(QEL) are 
         unchanged. So c(QE - 1) etc. are unchanged. 
      2. If 5 S Q 9 or Q = 0, the operation is equal to NOP (51. 
      3. If 4000 S E 9999, the c(E), ..., c(EL) are regarded as all zeros. 
                                                                  wir,. .a,y.
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 366 STQ QJ A "Store Quick Access" (2.90 + Ai + Aa) 
c(QE), ..., c(QEL) -- c(E), ..., c(EL). 
       For E, EL, Q and Q.EL, the instruction LDQ should be referred to. The 
c(QE) replace the c(E), ..., and the c(QEL) replace the c(EL). Thus, a group 
   of words is transferred to the normal access memory from the quick access 
   memory of No. Q band. 
N.B.1. Contents of any other register than the c(E),..., c(EL) are unchanged. 
     2. If 5 S Q S 9 or Q = 0, the operation is equal to NOP (514). 
      3. If 4000 E e9999, the operation is equal to NOP (514). 
  920 DMB .J A "Drum to Buffer" (2.90 t Ai + Aa) 
c(E), ..y c(EL) -+ c(4200), ..., c(4200 +. EL - E). 
     E _ # JA, 0 EL - E < 50, and EL = 49 in modulo50. 
       The c(E) replace the 0(4200), ..., and the c(EL) replace the 0(4200 + EL 
   - E). Thus a group of words is transferred to the core memory from the drwa 
   memory (both normal and quick access). 
   N.B.1. Contents of any other registers than the c(4200), ..., 0(4200 + EL - E) 
          are unchanged. 
      2. If 4200 S E 4 9999, zeros replace the c(4200), ..., 0(4200 + tL - E). 
      3. A number in the Xx part is neglected in the operation. 
4: If the core memory has been busy by some tape operatic,, the execution 
          is done after the busy is off. 
   922 HIM •J A "Buffer to Drum" (2.90 + Ai + Aa) 
0(4200), ..., 0(42(30 + EL - E) --)c(E), ..., c(EL). 
E _ #JA, 0 EL - E < 50, and EL = 49 in modulo 50. 
       The 0(4200) replace the c(E), ..., and the c(4200 + EL - E) replace the 
c(E1). Thus a group of words is transferred to the drum memory (both normal 
    and quick access) from the core memory. 
N.B.1. Contents of any other registers thanothe c(E), ..., 0(EL) are unchanged. 
      2. If 4200 E t9999,, the operation equals to NOP (514).
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3. A number in the Xx part is neglected in the operation. 
4. If the core memory has been busy by some tape operations, the exe— 
  cution is done after the busy is off. 
At-
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10. Control Operations  
The following instructions are described; NOP; HJM, JMP, JMI , JUN, JNZ, 
JOV, JEO, JSW; JXL, JXR, JXU, JSX; CMP. 
     Other two control instructions JTG and JTE are explained in the Magnetic 
Tape Operations. 
     The control instruction causes an alteration of a normal sequence of a 
program, i.e. unconditionally takes its next instruction from the specified 
location and proceed from there (the control jumps), or conditionally jumps 
or does not jump to the specified location. 
     The addition or subtraction in the index registers is in modulo 10,000. 
514 NOP .• -- "No Operation" (0.30 + Ai) 
     This instruction causes the computer to take its next instruction in 
normal sequence. 
N.B.'. NOP/ (515) clears the c(AC). 
    2. Numbers in the index and address parts are neglected. 
710 HJM IJ A "Halt and Jump" (0.35 + Ai) 
   E -.1. c(LC),, and Halt. 
    E (=#IJA) replaces the c(LC) and the computation stops. When the 
START or SS button on the console is depressed, the computer takes an instruction 
from E and proceed from there. 
Zi4 JMP IJ A "Jump" (0.35 + Ai) 
E --+c(LC). 
    The control jumps to E (_ #IJA) unconditionally. 
750 JMI IJ A "Jump on Minus" (0.35 + Ai) 
   E -+ c(LC), if c(AC) -0, or normal sequence if c(AC) +0. 
     The control jumps to E (_ * IJA) if the AC sign is minus, or normal 
                                  " 
 sequence if plus. 
                                   •
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  752 JUN IJ A "Jump on UA No Zero" (0.35 + Ai) 
    E --+ c(LC), if c(UA) * 0, or normal sequence if c(UA) = 0. 
      The control jumps to E (_ #IJA) if c(UA) 4 0, or normal sequence if the 
  12-digit c(UA) _ 40 or -0,. The c(LA) are neglected. 
  754 JNZ IJ A "Jump on No Zero" (0.35 +Ai) 
    E 1! c(LC), if c(AC) $ 0, or normal sequence if c(AC) = 0. 
      The control jumps to E (_ #IJA) if c(AC) 4 0, or normalsequence if the 
  23-digit c(AC) = +0 or -0. 
  756 JOV IJ A "Jumpon Overflow" (0.35 + Ai) 
    E -i c(LC), if c(UA)v $ 0, or normal sequence if c(UA)v =
((0..       Th
e control jumps to E (_ #IJA) if the overflow positio~ivbf the UA 
  contains a non-zero number, or normal sequence if contains zero. 
N.B.1. This instruction is mainly used for a fixed point number. For a 
        floating point number it is equivalent o "Jump on Exponent Plus".
  758 JEO IJ A "Jump on Exponent Overflow" (0.35 + Ai) 
     E -i c(LC), if c(UA)v 4 0 or 1, or normal sequence if c(UA) = 0 or 1. 
      The control jumps to E (_ #IJA) if the characteristic of the c(AC) 
  overflows or uncierflows (i.e. c(UA)v # 0 or 1), or normal sequence unless 
  the above. 
  712 JSW SJ A "Jump by Switch" (0.35 t Ai) 
     E -+ c(LC), if S is on, or normal sequence if off. 
      The control jumps to E (_ #JA) if the JSW switch of No. S on the console 
  has been set on, or normal sequence if set off. There are five switches, 
  each of which corresponds to S = 1, ..., 5 respectively. 
  N.B.1. Any JSW switches can be set at a time. 
      2. If S =6, ..., 9, 0, the operation equals to NOP(514). 




     If c(H) t 0, E -. c(LC), and c(H) - 1 --p c(H). 
     Or if c(H) m 0, normal sequence, and 9999—1 c(H). 
       If the c(H),contents of the index register specified ty H, are not zeros, 
   the control jumps to E (JA). Or if the c(H) = 0, the control is in normal. 
   sequence. In either cases and at the end of the operation, the c(H) is 
   decreased by one (modulo 10,000). 
N.B.l. The H can be 1, 2 or 3 which specifys the IR1, 2 or 3. 
         If H a 4, ..., 9, 0, the operation equals to NOP (514). 
      2. The J can be as ordinarily 1,2,3 or 4. The modification takes place 
         at the beginning of the operation. So if H J, the value of the 6(H) 
         before it is changed is used for the #JA. 
852 JXR HJ A "Jump with Index Raised" (0.35 + Ai) 
     If c(H) $ 0, E c(LC), and c(H)-t-1 .- c(H). 
     Or if c(H) = 0, normal sequence, and 1 -9P c (H) . 
       Instead of decreasing the c(H) in case of JXL, this instruction JXR 
   increases the c(H) by one in modulo 10,000. This is the only difference. 
   So refer to JXL. 
854 JXU HJ A "Jump on Index Unequal" (0.35 + Ai) 
     If c(H) $ c(IR1), E c(LC), and c(H) + 1 --p c(H). 
     Or if c(H) z c(IR1), normal sequnce,and c(H) t 1 y c(H). 
       If the c(-H4 c(IR1), the control jumps to E (_ #JA). Or if the 
   c(H) = c(IR1), the control is in normal sequence. In either cases and at 
   the end of the operation, the c(H) is increased by one (modulo 10,000).
N.B.1. The H can be 1,2 or 3 which specifys the IR1, 2 or 3. If H = 1, 
          the control is always in normal sequence. If H = 4, ..., 9, 0, the 
. operation equals to NOP (514). 
       2. The J can be as ordinarily 1, 2, 3 or 4. The modification takes place 
         at the beginning of the operation. So if H = J , the value of the 
         c(IR1) before it is increased is used for the # JA. 
   856 JSX HJ A "Jump and Set Index from LC" (0.35 t Ai) 
     c(LC) -p c(H),and E c(LC).
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 c(LC), i.e. the address number where this instruction is stored, 
replace the c(H), then the control jumps to E (2#JA). 
N.B.'. The H can be 1, 2 or 3 which specifys the IR1, 2 or 3. If H = 4, •••,       9
, 0, the operation equals to NOP (514). 
   2. The J can be ordinarily 1, 2, 3 or 4. The modification takes place 
      at the beginning of the operation. So if H = J, the value of the
c(J) before it is replaced is used for the #JA. 
324 CMP IJ A "Compare" (0.55 + Ai + Aa) 
+1 
If c(MD) c(E), c(LC) + 2 -j c(LC). 
+3 
    The c(MD) are compared with the c(E). If the c(MD) is greater than 
the c(E), the control is in normal sequence, or if equal, skips the next 
instruction, or if smaller, skips the next two instructions and proceed from 
there. 
N.B.1. This instruction can be used for both fixed and normalized form 
       floating-point numbers. 
   2. The contents of any registers, including the c(E), c(MD) and c(AC) 
       are unchanged. 
   3. For comparision. the fixed point algebraic subtraction, c(MD) - c(E) 
      is made (at the MQ). The sign of the difference decide the type of 
skills of the control. 
   4. Special care should be taken for the inclusion of a number in the 
      overflow bit of the MD as wellas of the register of loc. E in the 
      fixed-point subtraction. So I c(MD) I or 1 c (E)1 < 2. This makes 
      possible the comparision of two normalized form floating numbers by 
    the fixed point subtraction.point 
   5. This instruction regards; +0> -0.
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11. Index Operations  
     The following instructions are described; SEX, RAX, LWX, LXA, STX. 
     The instructions JXR, JXL, JXU and JSX are described in the Control 
Operations. 
     All the above instructions specify one of the three index registers by 
 a number H = 1, 2 or 3 in the Xx position of a instruction which corresponds 
to the IR1, 2 or 3 respectively. 
If the above H = 4, ..., 9, 0, all the above instructions equal to 
NOP ( 514) in their operations. 
     The address modification by the contents of the IR1, 2, 3 or LC is as 
 ordinarily possible, and the address modification is made at the very be-
 ginning of the operation, so the contents on index registers are not yet 
 changed by the instruction itself at the time of the modification. 
    An index register has four digits without sign, so all additions or 
 subtractions are in modulo 10,000. 
830 SEX HJ n "Set Index" (0.35 t Ai) 
#pJn .-~ c(H). 
The # Jn (= c(44-_+ n in modulo 10,000) replaces the c(H). 
 N.B.1. If J = H, the c(H) are increased by n. 
832 RAX HJ n "Raise Index" (0.35 + Ai) 
   c(H) +4 Jn -+ c(H). 
     The c(H) are increased by #Jn (; c(J) f n; in modulo 10,000).. 
 N.B.1. If J = H, 2 * c(H) t n replaces the c(H). 
    2. The following example increases the c(H) by c(IJA)ad. 
         PSX IJ A 
         RAX HO 0 c(H) t c(1#IJA)ad -p c(H). 
834 LWX HJ n "Lower Index" (0.35 t Ai) 
    c(H) --*Jn —i c(H).
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     The c(H) are decreased by f Jn (EL c(J) + n; in modulo 10,000) . 
  N.B.1. If J = H, 10,000 - n replaces the c(H). 
     2. The following example decreases the c(H) by c(#IJA)ad. 
PSX IJ A 
LWX HO 0 c(H) - c(#IJA)ad -+ c(H). 
820 LXA HJ A "Lead Index" (0.35 4 Ai + Aa) 
    c(E)ad —,c(H). 
      The address part of the c(E),(E _ #JA), replaces the c(H) and other parts 
  are unchnged. 
822 STX HJ A "Store Index" (0.35 + Ai + Aa) 
c(H) -+c(E)ad. 




     12. Logical  Operations  
          See chapter 3. 
     13. Special Operations 
          See chapter 3. 
                               1
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14. Input-Output Operations and Tape Control Codes  
    The following instructions are described; SEL, RIN with TCC, WRT, FWR, WSP. 
They select necessary input/output components, read instructions or data, and 
write the c(UA) or characters. 
    Characters handled by the computer are listed in the Table I KDC-I I/O 
Characters, (Conversion Table of Characters are also listed). Those codes 
on paper tape are listed in the Table II Paper Tape Character Coding. 
    The read operation is greatly facilitated by the help of special Input/ 
Output Characters. These characters are named. "Tape Control Codes" or ab-
breviated as TCC, though a name "Control Tape Codes" describes the situ-
ation better. 
630 SEL IJ n "Select Component" (0.35 + Ai) 
    The input or output components are selceted by this instruction, the 
type of which is specified by #IJn as follows; 
$ IJn = 1111 Keyboard (KB) 
       1112 MechanicalTape Reader (MTR) 
        1210 Photoelectric Tape ReaderNo.1 (PTR 1) 
        1220 Photoelectric Tape Reader No.2 (PTR 2) 
       0111 Printer (PR) 
       0112 Punch (PU)
        0113 Both Printer and Punch simultaneously 
     The selection of an input componentis continued only until a next se-
lection of a different input component. The selection of an output component 
or components is also continued only until a next selection of a different 
output component or components. 
     The above components can be also selected manually by depressing the 
corresponding buttons on the computer console. 
N.B.1.The execution of this instruction is suspended uring the I/O operations 
  by former instructions.r~ ~"
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     632 RIN  IJ n "Read-in" (PTR; 200 characters/sec) 
          This instruction reads Input/Output characters in either a numerical 
     mode (denoted as nu-mode) or the alphanumerical mode (denoted as alpha-
     mode) from the pre-selected input component, shifts the c(UA) to the left, 
      converts codes of characters into a number as is specified in the Table of 
Input/Output (I/0) characters, and places the converted number into a vacated 
      positions of the UA. 
          A number of characters read is specified by a number of the less sig-
     nificant two digits of # IJn, denoted as DU(#IJn). 
          The mode is specified by a numberin the most significant fourth digit 
of # IJn. If it contains 0, the operation is in nu mode, or if one,in alpha-
       mode. 
However the read operation is greatly influenced when TCC are read. 
N.B.l. The c(LA) are unchanged. 
         2. DU(#IJn) S 23, or maximum of 23 characters can be read. If DU(,#IJn) 
3 24, it is interpreted case be case into a number still less than 24. 
           If DU(##IJn) = 0, equivalent to NOP. 
3. The third digit ofteIJn is neglected in the operation. 
          4. In the nu-mode a character is converted into a one-digit number while 
            in the alpha-mode into a two-digit number, which are specified. in the 
            Table of I/O Characters. So ordinarily 11 or less characters are 
           read in the nu-mode, whilefive or less characters are 
             read in the alpha-mode. 
         5. Particular codes NE, ER, SP, CR or LF in the Table of I/O Characters 
             are ignored by the computer. 
          6. Whenever the TCC " or d is read, the read operation is ended. But the 
            detail is described later. 
         7. In ordinary input routines, "RIN/ 00 14" or "Clear Read-in 14 digits" 
             is used. 
8. The execution of RIN is briefly as follows; a character is read and 
temporarily stored in the Input Register. If it is not a TCC or an 
            ignored code, then the c(UA) are shifted to the left (same as SLS), 
             by one place (nu-mode) or two (alpha-mode), and the codes of charac-
Fters in the Input Register are converted into a specified number, 
            and this number is placed in the vacated position of the UA, i.e. 
            the 1 position (nu-mode) or 2 and 1 position (alpha-mode). The next 
            character is read in the same way, and the process ~~ ipeated until
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      a number of characters, except the ignored codes (TCC are counted), 
      reaches the specified number # IJn. 
      The case where TCC are read is described below. 
TCC (Tape Control Codes); +, -, ", w, of $(3 , r , 5 . 
    Eight TCC eXist, they facilitate the reading of instructions, fixed or 
floating point numbers to the UA, modify the address part of instructions, 
and causes the control to jump only in case of the nu-mode. In alphia-mode, 
they perform no special functions and are only ordinary characters. 
(1) " End Mark 
Whenever this code is read, the read operation is ended. So this code 
is used to show the end of words. For example RIN/ 00 14 can read 14 digits 
or less. 
(2) +, — Sign Codes  
    These codes facilitate the reading of fixed point number and floating 
point numbers. On paper tape, a fixed point number should be expressed in 
                                               ort 
the form; t fraction " , while a floating number should be expressed in the 
form; ± mantissa ± exponent " . Both can be read by the same RIN/ 00 14 
instruction. Accordingly a sign code, if read for the first time by RIN or 
RIN/, is placed in the AC sign. If the second sign code is read, the 
computer regards it is reading floating point number, and numbers before 
this second sign code-are treated as a mantissa, end the successive charac-
ters till the end of the operation are read and treated as an exponent. 
Moreover a normalization is made in the UA not in the whole AC. 
N.B.1. Afixed point number should be 12 digits or less, 
       otherwise a real overflow occurs. A mantLssa and an exponent of a 
      floating point number should be  9 digitsvand 2 digits or less  
      respectively, otherwise an erraneous result replaces the c(UA) in 
       rather a case-by-case fashion. An exponent of -100 should be expressed 
as -00. 
    2. +0+0", +0-0", +0", 0", ", all of them result in the same fixed or 
      floating zero in the UA if read by RIN/ 00 14. 





e.g.2. +1234456" © 111516111213141010,010101 
UA 
e.g.3. -0001234-56" a 10141111121314100-010101 
(3) w Address Read in Code 
    This code facilitate the reading of instructions. On paper tape, an 
instruction should be expressed in the form; 3-digit function part, 2-digit  
index, part, 1-dig* break-point part, TCC w, 4-digit or less digit address  
part, and TCC It. 
    The execution is briefly as follows; if TCC w is detected, the cyclic 
shift to the left by 5 planes of the 12-digit UA takes place, and successive 
characters are temporarily read into the MQ until TCC " or b is detected. 
If detected c(MQ)ad is added into the o(UA)ad in modulo 10,000. 
e.g.l. An instruction JXU 320 5 is poached on tape as 854 320w 5 " and is 
     read by RIN/ 00 14 as follows; 
  v  
©108t 514{3i 21070101010151 
(4) at , (3,r Modified Address Read-in Codes 
    These codes also facilitate the reading of instructions like TCC w. 
These codes not only perform the whole function of TCC w, but also modify 
the address part of, ,,just read in instruction at the UA by the contents of 
the IRl (oc ), 182((3) and IR3 (5 ) 
    To descrimihate the above three conditions, TCC d setson a-flip-flop, 
p seta on b-flip-flop, and 'r set on both a and b flip-flops at the time 
these codes are read, and these flip-flops are set off at the end of the 
operation. 
e.g.l. 854 320 (3 5 " on paper tape is read by RIN/ 00 14 as follows; 
      (provided that the c(IR2) = 2,000)    UA  
9 1018I514I31210I0I2.0I0I5l
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     (5) d LC-Setting Code  
          This instruction causes the control of the computer to jump to the 
     location of a just read-in address part number of the c(UA) and the read- 
      in operation is ended. 
     e.g. 3850 6 on paper tape is read by RIN/ 00 14, then 3850 replaces the 
          c(UA)ad and the control jumps to loc. 3650. 
     e.g. S on paper tape is read by RIN/ 00 14, since the c(AC) is cleared, 
           the control jumps to loc. O. 
     N.B.1. This *astruction is equivalent o "jump to loc c(UA)ad and TCC ". 
           So if the c(UA) are shifted cyclic by 5 places and characters are
           temporarily read into the MQ by TCC w, ot, 13, or ?l, the c(UA)ad, not
           the c(MQ)ad, is the location to which the control jumps. 
     634 WRT IJ n "Write" (0.35 t Ai; 8 characters/sec)
          This instruction causes the computer to store the c(UA) temporarily 
IM the buffer register (BR), convert them into the Input/Output (I/0) 
      Characters in either a numerical mode (nu-,ode) or an alphanumerical' 
      (alpha-mode), and print and / or punch these charactersvia pre-selected 
      output components. 
          A number of characters written is specified by a number of the less 
     significant two digits of a IJn, denoted as DU(#IJn). 
          The mode is specified by a number in the most significant fourth digit 
                                                                               iRa. 
of*IJn. If it contains 0, the operation is innu-mode, or if one, in the 
alpha-mode. 
      N.B.1. The c(UA) and c(LA) are unchanged.`" 
         2. In the nu-mode, a numberin the m position of the ?JA is written as 
           a first character, 10 position next, and so on. The DU(IJf) should
            be 11 or less. 
         3. In the alpha-mode, a two-digit number in 10 and 9 positions of the 
            UA are converted into a character specified by the Table of I/O 
            Characters and is written on papers, 8 and 7 positions next, and so 
            on. DU(#IJn) is a number of characters and not a number of digits
           in the UA. The DU(#IJn) should be 5 or less. 
         4. The c(UA)v is neglected in the nu-modes, while c(UA)v,m are neglected 
             in the alpha-codes.
 pb-51 
       5. The AC sign is not written out. It should be written by WSP after
         judging the AC sign. 
       6. The operation is concurrent, i.e. after the c(UA) are stored in the 
          buffer register, the write operation begins,aand at the same time 
          the computer proceeds from the next instruction. If anotherwrite 
          instruction canes before the operation of this write instruction ,           th
e execution of the next one is suspended until the former one 
          finishes. 
       7. The operation time without suspension time and actual write time is 
          thus 0. ms, and the actual write time is 120 *#IJn me . 
       8. If DU(#IJn) 1 12 or 6 in the nu or alpha-spode respectively, the 
          situation is rather a case-by-case `and it is not described here.          If DU(#IJ
n) = 0, equivalent to N0P~                                                              +as6..n 
UA     e.g. a [011121812111210 11112161 — WRT 00006 128212 
                                                      AT 00 1005 KDC-I 
    638 FWR .. - "Floating Write" (0.35 + Ai; 8 characters/sec) 
        The c(UA) are treated as a floating point number, written out in the 
    form f mantissa + exponent via pre-selected output components. 
N.B.1. The (AC) are unchanged. The normalization is not made. 
       2. If a characteristic is zero or an exponent is -100, the exponent 
written out is -00. 
       3. If the c(UA) =40, its result is; +000000000-00 
       4. Numbers in the index part and the address part of the instruction 
          are neglected in the operation. 
  UA  e.g.l. [1] I 1615 1213141510 0 0 1+123450000-35 
   114  
                        i 
  e.g.2.011I0131 5010111 2 3 41 51 01 -000123450+35 
   636 WSP IJ m "Write Special" (0.35 + Ai; 8 characters/sec) 
        This instruction writes a character, or a multiple of the same charac-
   ter, of a type specified by the fourth and third digits of # IJm, denoted 
   as KH(# IJm), and a number of multiplitude is specified by the less signifi-
    cant first and second digits, i.e. DU((IJm). Characters which coilbspond 
   to KH(#rIJm) are listed in tHrevrable of Thput/Output Characters.
OP
 pb-52 
N.B.1. DU(* IJm) should be 62 or less, if zero, equivalent o NOP. 
N.B.2. If DU(IJm) > 62, or if KH(#In) is not a number listed in. the 
      Table of I/O Characters, the situation is rather a case-by-case fashion 
      and it is not described here. 
e.g. WSP 00 2801 
     WSP 002101 
     WSP 00 2001 
     WSP 00 1101 
     WSP 00 2601 
      The following characters are written;- KDC-I
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15.  r:agnetic Tape Operations 
    See chapter 4.

